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(Paper No. 3265.) 

" The Burrator Works for the Water-Supply of Pljmtmth. 

By Edward Sandeman, M. Inst. C.E. 

The waterworks of Plymouth date from the year 1590. In 
December of that year Sir Francis Drake, who appears to havo 
been an engineer as well as a navigator, began to out the 
open channel or watercourse from Dartmoor to Plymouth, now 
known as " the leat," which was destined to convey to Plymouth 
its supply of water during the succeeding 300 years. The leat» 
which was 18 miles 3 furlongs in length, appears, from the old 
records of the town, to have been made between December, 1590, 
and April, 1591. It was made in virtue of powers — conferred by 
an Act of Parliament of Queen Elizabeth's reign, dated 1585, 
— which authorised the Corporation of Plymouth to build a weir 
across the Eiver Mewe, or Meavy, and to divert the water of that 
river into a trench which had a specified width of 6 feet or 7 feet 
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General Descbiition. 

The watershed lies on the western slope of Dartmoor, at an 
elevation varying between 700 feet and 1,600 feet, its most northerly 
point being North Hessary Tor, which is close to Prinoetown and 
13 miles in a north-easterly direction from Plymouth. By the new 
scheme the area of the watershed was increased from 4,885 acres 
to 5,360 acres. Almost the whole of this area lies on the granite 
formation, only a small portion on the west being on the upper 
Devonian. On the hills, locally called ** tors," the rock lies dose 
to the surface as a rnle, but in many places the valleys are filled 
to a considerable depth with decomposed granite, in which are 
large boulders. The rainfall, as recorded by the existing gauges, 
which with one exception were fixed in 1892, is about 58 inches to 
60 inches per annum. From the large dry-weather flow of the 
river it would appear that the quantity of water absorbed during 
wet weather is very large. Probably it is retained on various 
parts of the watershed in deposits of decomposed granite, which 
yield it in a very pure form during dry weather. These 
deposits have been proved to be upwards of 100 feet thick in 
several places. 

The Burrator Beservoir is formed by two embankments, one of 
masonry across the narrow gorge through which the Biver Meavy 
flows, the other of earthwork lying between two hills known as 
Sheepstor and Burrator. It was expected that solid granite 
would be found on the site fixed upon for the masonry wall, and 
fortunately the supposition proved correct. In the case of the 
earth embankment, it was known that decomposed granite 
extended to a considerable depth, but it was not anticipated that 
it would be necessary to excavate, even in this material, to so 
great a depth as was afterwards found requisite. The peculiar 
geological features discovered in sinking the trendh, however, 
made the baring of the solid rock a necessity for the purpose of 
securing a watertight barrier. The quantity of water impounded 
is 657,000,000 gallons, the area covered by water being 117 acres. 
The length of the reservoir is 1^ mile, and the greatest width is 
^ mile, the top water-level being 708 feet above Ordnance datum. 

The Burrator Dam. (Figs. 2 and 3, Plate 1.) 

The height of the masonry dam across the Biver Meavy is 
77 feet, measured from the old river-bed to the overflow-level ; 
whilst the total height from base of foundation to coping of 
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with a layer of sand and oement. Whilst the excavations were 
in progress, the river was carried overhead in a wooden launder 
or trough (Fig. 4) 120 feef long, 20 feet wide and 7 feet deep. 
The greatest flood which occurred during the 2 years this launder 
was in use did not fill more than two-thirds of its cross-sectional 
area at the inlet end. 

Materials. — ^The whole of the stone used, both for faoework and 
for making concrete, was granite weighing 165 lbs. per cubic foot. 

Probably no material is more suitable for the building of a 
masonry dam. Its durability, compressive strength and weight. 

Fig. 4, 




Scale, \ Inch = 1 foot, 

Gbo68 Seotion of Laundeb at Cemtrb. 



the feicility with which it is split, and, lastly, its efiectivo 
appearance, are all exceedingly strong points in its favour. 

The weight of the granite blocks built into the core of the dam, 
sometimes called "displacers" or "plums," ranged from a few 
hundredweight to 7 tons. Each block was roughly dressed on the 
bed, and afterwards was carefully washed and scrubbed with wire 
brushes before being delivered on the dam. The broken granite, 
being hard, gritty and angular, formed a perfect aggregate for the 
making of concrete. All stone that required to be cleaned was 
scrubbed and washed before being crushed. It was found that 
when the jaws of the stonebreakers were set to pass l^inoh 
stones, the quantity of sand produced was more than sufficient to 
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bulk was Bsosrtunfld by immerBlDg thom in water-tanks and 
measaring the qaantity of water thus displaced. The weight of 
each blcMik was taken before and after immersion. 

Tests were made of the resistance of oonorete blocks (S-inoh 
onbea) to omshing. These blocks also were ont cnt of the 
hearting of the dam, and were tested at the age of 1 year, giving 
an average reeolt of fraotnre at 220 tons per sqoare foot 

The oement-sheds oonsiBted of a store and an airing-shed. The 
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Utter was bnilt against the side of a hill to allow of a road being 
mn in level with the top floor, in order to faoilitate the discharge 
of the oement from the wagons (_Fig. 5). In the interior of the 
shed there were three floors, one above another, on which the 
oement was laid for airing before nse. The floors were formed of 
Il-inchby3-inch planks, suspended at each end by a pivot placed a 
little ont of the centre of the plank end, so that when so sospended 
the flat sides of the plank were vertical (^Fig. 6). By a mechanical 
ooa^TAnoe hand-wheels on the ontside of the shed were made to 
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that unless a very considerable amount of labonr is spent in 
squaring the more irregular stones, the proportion of concrete is 
greater than that of the stone, and the concrete being the lighter 
of the two the specific gravity of the dam is proportionately 
decreased. It is of course feasible to fill the spaces between the 
large stones with smaller ones; but it is questionable whether 
it is not a more expensive process, and in addition there appears 
to be more likelihood of the occurrence of leakage where there are 
so many joints. In building a masonry wall of any considerable 
length it is impossible in the ordinary course to continue working 
on the whole area at once. From various causes it was found 
more convenient to raise one portion a few feet high at a time, 
afterwards bringing up adjoining parts to the same or a higher 
level. Sometimes weeks passed before a particular level was 
raised again. In cases of this kind, and, indeed, in all cases where 
new work was joined to old, the surface of the concrete was broken 
by picks and the roughened face was afterwards brushed and 
"v^kshed. On this prepared clean surface a layer of cement mortar 
was placed in order to ensure a sound joint between the old and 
new work. Should this precaution be neglected the probability is 
that there would be little adhesion between the new and the old 
concrete, and what is worse, there might be leakage through the 
defective joint. 

The granite facework of the wall was composed of large stones, 
having an average thickness of 30 inches, the length of the b]att 
joint being 18 inches. The faces were left rough as they came 
from the quarry, the beds and joints being carefully worked. On 
the water face the vertical joints were tied together by a diamond- 
shaped cement joggle. For a height of 25 feet above the reservoir- 
bed, where the pressure was greatest, every joint on this face was 
rebated to a depth of 6 inches for a width of f inch, making a 
joint about 1 inch wide. 

All the water-face joints were filled with neat cement to within 
^ inch of the pitch line, and were caulked. 

Culvert — As already stated, during the excavation of the trench 
the river was carried overhead by a large trough or launder. 
When the masonry had been carried to a sufficient height a culvert 
of granite 10 feet in diameter was built, through which, subse- 
quently, the river was turned. In order to break the straight 
joint formed by the parallel sides of the culvert, three reoesses 
were made around it internally, each 2 feet 3 inches long by 
9 inches deep. To increase the delivering capacity of the culvert 
during floods, it was originally intended to make it with a bell- 
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from this level when necessary. All the pipes, where embedded 
in masonry, are of steel. Each oatlet>pipe has a cast-iron bell- 
month — ^with gnnmetal seating for cone valve — fixed vertically 
and attached to the steel pipes by a cast-iron bend. Screens 
framed by gnnmetal angles cover the mouths of the ontlet-pipee. 
The angles are bolted to the stonework of the forebay by ragged 
bolts of gnnmetal. The screen itself is formed of tiers of brass 
tnbes f inch in diameter and f inch apart. All metal-work nnder 
water, which would be likely to be damaged by corrosion and re- 
quire replacement, is of gnnmetal, brass or bronze. After passing 
through the culvert the 36-inch and 25-inch pipes enter the main 
valve-chamber. Here they divide into four pipes, the two in the 
centre continuing in a curve to the river for emptying purposes, 
whilst one of the remaining pipes leads to the screen-chamber, 
and the other joins the town-supply pipe directly, which is also 
connected with the screen-chamber. The discharging capacity of 
the three outlet-pipes is such that the reservoir can be emptied 
in 2}g days. 

Outlet-Valves, — The valves on the outlet-pipes are all worked by 
hand and are of three types : — 

(1) Cone-valves, which are placed on the bell-mouthed pipes 
already described, through which the water from the reservoir 
enters the outlet-pipes; (2) Sluice-valves of the ordinary type 
with by-passes ; (3) Sluice- valves with doors in two parts worked 
by separate spindles. 

The cone-valves are specially designed to close the outlet- 
pipes in case the double set of valves on the lower side of 
the dam requires repair. They are worked by hand-gearing 
placed in a chamber built beneath the roadway over the dam. 
The larger valves consist of three and the smaller valves of two 
circular sections of cast iron forming a cone-shaped cover to the 
bell-mouth outlet-pipes. In closing, each section is lowered in 
turn on to its gnnmetal seating, and in this way the concussion 
is minimised. The several sections of each valve are kept in 
place by vertical guides, and they are lifted and lowered by rods 
and chains of bronze. 

The sluice-valves with by-passes are used in positions where it 
is possible to ease the raising of the valve by first opening the 
by-pass. It is of comparatively little use to place a by-pass on a 
valve which discharges into the open, but in a position where the 
valve discharges into a main which can be filled by the opening 
of the by-pass, so as to put a back pressure on the valve door, a 
great advantage is derived. For the 36-inch and 25-inch mains 



14 BANDXMAK ON THE BX7BBAT0B WOEKS FOB [Minntee of 

Shekpstob Embankment. (Figs. 7, Plate 1.) 

The trenoh for the Sheepstor embankment was 680 feet long, 
whilst the embankment is only 470 feet long. The width of the 
bank at the top is 12 feet, and the inner and enter slopes are 
respectively 3 to 1 and 2 to 1. The depth of water against the 
inner slope is 17 feet, the top of the bank being 6 feet above top- 
water line. 

The watertight core of the embankment is of clay 6 feet in 
thickness at the top, increasing to 8 feet at the base. Below 
ground the watertight core is of concrete, forming a wall 5 feet 
in thickness, terminating at the top in a concrete shoe in which 
the clay rests. The cutting of the trench was commenced in 
Angnst, 1894, and the embankment was completed in November, 
1897. 

Several trial pits were sunk in order to ascertain the most 
advantageous site for the trench, but eventually a line, which 
was practically that shown in the Parliamentary plan, was 
decided upon. Two of the trial pits sunk on this line, which 
had exposed rock at a depth of about 14 feet, gave somewhat 
delusive results, since on the opening up of the trench they 
were found to be situated over pinnacles of rock which 
shelved away rapidly to considerable depths. At a few feet from 
the surface water was found, and pumps were required to keep 
the trench clear. The water increased in quantity with the 
depth, until the pumps were lifting 450,000 gallons daily to a 
height of upwards of 100 feet The trench, which had a depth in 
the centre of 105 feet, was a most interesting one. It was cut 
through an extensive layer of decomposed granite, and the sides 
of the trench exhibited a remarkable variety of colours. The 
decomposed granite had no distinctive colour throughout, but 
varied every few yards. A vein of white china-clay crossed the 
trench near its deepest part, and at several different points veins 
of red el van were cut into. 

It is generally assumed, although it would appear difficult of 
proof, that the so-called decomposed granite was originally in a 
hard state, and that its present condition is due to the gradual dis- 
integration of the constituents of the coarsely crystalline granite 
by the percolation of surface-water. A theory was advanced 
by an eminent geologist at the time when the construction of 
the reservoir was first contemplated, that possibly the change in 
the condition of the granite was caused by chemical action from 
below. This theory would seem to imply that the chemical action 
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In sinking the trench there was no certainty that solid rook 
would be found, nor was it known whether, supposing the solid 
rock were reached, the veins would terminate in it or would 
continue. At a depth of 70 feet there was no favourable 
change in the appearance of the two largest veins, their joints 
being still wide open and the blocks loose, and where they 
crossed the trench streams of water rose continually from th^m. 
About this time it was noted with satisfaction that one of the 
smaller veins, in a shallower part of the trench, had apparently 
terminated in a bed of solid rock, which gave rise to a hope that 
the others might run out in the same way. As the sinking pro- 
ceeded it was seen that the water which had formerly bubbled up 
like a strong spring in the bottom of the trench was coming more 
and more from the sides of the trench, and at a still greater depth 
it was found to be entering the trench a few feet above the 
bottom and running down the sides, none coming in at the bottom 
of the trench. Deeper still the decomposed granite became 
harder, until — particularly where it adjoined the veins — ^it was 
very difficult to excavate. The joints between the stones in the 
veins became filled with an argillaceous deposit and decreased in 
number. Then the narrow streaks of clay which had been 
observed vertically on either side of the veins, and which lay 
between them and the adjoining granite, disappeared, and the 
vein became one with the granite (so far as engineering purposes 
were concerned), although its course through the latter was 
plainly marked. In following down two other veins water con- 
tinued to flow upwards from holes in the hard quartz rock of which 
they were formed, and in these cases pipes were placed over the 
springs, and were carried up above the water-level of the reservoir. 

The termination of the veins in the rock was not always as is 
described above. In several instances veins 6 inches to 12 inches 
wide in the decomposed granite appeared to terminate when the 
solid granite was bared, but on closer examination of the bared 
rock a black line about an inch wide could be observed, which 
continued downwards through the rock, beneath the centre of the 
vein. Near the east end of the trench there was quite a network 
of small veins, which crossed one another in every direction, 
necessitating the trench being sunk to a depth of 60 feet to 
70 feet before the rook was found. At the east end the depth was 
40 feet, and here the concrete is tied into decomposed granite, the 
trench being bottomed in solid rock and carried some distance 
into the hillside. 

It is very probable that had not the veins just described 
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Disoussion. 

'he Preiident. The PRESIDENT thought the members would agree that the 
thanks of the Institution were due to the Author for the clear 
description he had given of the work referred to in the Paper. 

Tht Author. The AUTHOR, after having exhibited views illustrating the pro- 
gress of the work, mentioned that the cost of the core of the dam, 
including facing, was 358, Od. per cubic yard ; and, including the 
archways and the roadway over the top of the dam, 378. Qd. per 
cubic yard. There had been considerable trouble in the filling of 
the reservoir; the decomposition of the grass, trees, tree-roots, 
shrubs, etc., had caused the water to turn to a most objectionable 
colour, and had given it a very unpleasant odour, and for 3 or 4 
months the water-engineer and the people of Plymouth had had 
a most unpleasant time. 
.Mr. Hill. Mr. E. P. Hill remarked that it was always a pleasure to listen 
to an account of work as well designed and well executed as that 
described in the Paper. Although it was not unusual, there was 
no statical advantage in putting a batter on the water face of the 
dam until a depth was reached of about 70 or 80 feet below top 
water-level. He wished to ask whether the Author had had any 
particular reason for filling the culvert solid from end to end after 
the pipes had been laid. It would obviate the danger of a burst 
pipe, but there might be some difficulty in replacing any pipe 
supposing it were desired to do so on account of corrosion or for 
any other reason. A measuring-weir about 130 feet from the 
toe of the dam was shown on the diagram, and it appeared to 
him that the water falling over a very steep dam would create 
such a surging in the pool above the weir that it would be 
extremely difficult to measure the discharge of the weir. A point 
which was rather neglected arose incidentally out of the Paper. 
The average annual rainfall over a long series of years, the 
drainage-area, and the capacity of the reservoir were stated ; but 
neither the daily quantity of water which it was hoped to obtain 
from that area, nor the relation between that daily quantity and 
the capacity of the reservoir were indicated. He was well 
aware that there was a conventional method of treating those 
matters, and no doubt this case had been treated in that way, but 
at the same time he should like to draw attention to the very 
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opkinson. years. In a Paper^ read before the Institution, Sir Alexander 
Binnie had shown that, although it was not possible to rely 
upon such a short period as this, a period of 35 years could 
fairly be relied on to give a trustworthy average. The only gauge 
with so long a record within a reasonable distance for comparison 
with those on the gathering ground of the Burrator Waterworks 
was at Altamon in Cornwall, and, adjusting the rainfall for the 
seven years with that given by the Clornish gauge for the 35 years, 
1866 to 1900, it would make the record of the six gauges for the 
seven years come to 54f inches for these 35 years. The only gauges 
on Dartmoor which gave a greater rainfall than that were just 
over the watershed of the Plym, in the Cowsio Valley near 
Princetown. There were two gauges there which gave a record 
of something like 75 inches, but they should not be taken into 
account at all. It was very well known that most of the rain 
came from the S.W., and it was a curious thing that the heaviest 
rainfall on Dartmoor — and it was also the case in other districts in 
. the south of England — was just over the highest land, that was on 
the leeward and not the windward side of it. So it would be found 
that N.E. of the district shown on the plan, in the Gowsic Yalley, 
which drained into the Dart, there was a heavier rainfall than in 
the area which was the gathering ground for the Burrator Water- 
works. The people of Plymouth might be congratulated upon the 
fact that while the rainfall in Plymouth was not more than 
37 inches per annum, they had within a convenient distance a 
considerably greater fall. The rainfall in the winter was moreover 
here 8 inches more than in the summer, which was decidedly 
advantageous for a water-supply. London was not nearly so well 
ofiT, for the gathering ground for its water-supply had very little 
greater rainfall than London itself, and there was about an equal 
fall in summer and winter. 
President. The PRESIDENT said his connection with the work described had 
been an exceedingly pleasant one, and, with the Author in charge 
of it, his duties had been almost a sinecure. Mr. Sandeman had 
prepared all the working drawings, which had received very little 
alteration or correction in his office. His principal function had 
been to give the Author some hints about construction when 
on the ground. The trench at Sheepstor had been one of the 
most irritating and annoying things he ever had to do with. To 
have to sink a trench 105 feet deep for an earthen dam standing 
only 22 feet above the ground was certainly a most tantalising 
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Gorrespondenoe. 

Mr. Cornish. Mr. J. E. GoRNiSH considered that the Paper offered several 
points of interest, one of them being the difficulties encountered 
in the foundations owing to the presence of decomposed granite. 
The circumstances under which this had been dealt with formed 
an interesting comparison with the work of the large dam now 
being built across the Nile at Assuan, where, itj appeared, decom- 
posed granite had also been met with. The arrangement of tilting 
floors for the cement shed appeared to be an ingenious contrivance. 
He would like to ask whether it had given good results, and 
whether there might not be some danger that in falling vertically 
from one floor to another the heavier particles of cement might 
become separated from the lighter. The materials used for the 
concrete seemed to have been excellent, but as in similar works 
there had been so much difference of opinion as to the state of 
dryness or wetness in which concrete should be used and the extent 
to which it should be rammed, some reference to these points would 
have been usefuL With regard to the screen-chamber, much 
difficulty had been experienced in many cases in the working of 
such very fine screens as those used with gauze meshes of 1,600 to 
the square inch. It would be very interesting to know how the 
gauze was backed, and whether the method used was successful in 
preventing the tearing of so fine a mesh. With reference to the 
25-inch pipe line, there was no information as to the diameter of 
the sluice valves fixed at every j^ mile. Modem practice tended 
to show the advantage of making such valves of a smaller diameter 
than the pipe, and that the loss of head which resulted from such 
change of diameter was exceedingly small. Examination of many 
old water pipes, which had been exposed to view or had had to be 
moved in London about 40 years ago in connection with the London 
main drainage and underground railways, had led him to believe 
that the determining factor in the life of a cast-iron main was 
generally corrosion from the outside, and if such was the case it 
would seem to be of questionable advantage to make any consider* 
able reduction in the thickness of a cast-iron pipe on account of 
the decrease of internal pressure, or to use on a permanent pipe 
line a portion of steel pipe of so small a thickness as J inch. 
Laying such pipes to gradients involved two inconveniences, 1st, 
extra cost, 2nd, a much greater probability that the pipes did not 
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Dftwkins. traversed by water oontaining silica in solution. These inter- 
lacing veins would tend to form barriers, preventing the free 
passage of water through the decomposed mass, and would aid 
in storing up the rains of winter for the flow of the streams in the 
summer and autumn. 

Water-bearing beds, formed by the decomposition of igneous 
rocks and crystalline schists, resting in situ on the fresh rocks 
below, occurred over a limited area in the British Isles — in 
Devon and Cornwall, and in the Channel Isles. In Guernsey 
they formed a cover from 30 feet to 40 feet thick, and were 
riddled by veins and volcanic dykes. They also in this island, 
as in the case in point, occupied irregular hollows in the fresh 
rock. As a result of these conditions, the water was stored in 
the porous, decomposed rock, in water-tight cells, like those of a 
honeycomb, though more irregular. Consequently, there was no 
free circulation, as there would be in a stratified water-bearing 
rock under ordinary circumstances. A well would only draw on 
its own reservoir, and be independent of adjacent wells, and there 
was no possibility of obtaining a large supply from any one centre 
of pumping, although there might be many wells, each sufficient 
for small local demands. These facts had come before his notice 
some years ago, in the course of an inquiry into the water-supply 
of "Guernsey. They appeared to be of considerable practical 
importance in considering the question of water-supply where 
similar decomposed rocks lay in sitUy and had not been transported 
by water. 

The reason why the area of these superficial accumulations 
was so restricted in Britain was, as he had already pointed out 
in his "James Forrest" Lecture^ in 1898, the presence of large 
masses of ice in the glacial period, in the British area, north of a 
line passing through Bristol and London. There had been no 
glaciers south of this line to remove the superficial accumulations. 
To the north of it, in the granite of the Lake District, of Scotland, 
of the Isle of Man, or of Ireland, such accumulations as those des- 
cribed in this Paper would be looked for in vain. They had been 
removed from all these regions by the ice and had been distributed 
far and wide over the lower districts by the glaciers and the icebergs. 

Mr. Dick. Mr. Fred. J. DiCK thought it was interesting to compare the 
cross-section of the Burrator dam with both the Vyrnwy and the 
Tansa dams, taking the latter as raised to the full height origi- 
nally intended. In the section of the Tansa dam given by Mr. 
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Q. F. Deacon' for compariaon with Vymwy, the Tansa dam was Mr, Dick. 
showB at its reduced height as at that time completed. Fvj. 8 
showed the comparison suggested, and it would be seen that while 
the Barrator dam approximated to the Tansa dam on the inner 
face, there was still a considerable difference on the outer one 
between Barrator and Tanaa at depths from abont 30 feet to 
80 feet below overflow-lev el, apart from the projection designed 
to deflect the water horizontally. He thought, however, that it 
would be generally admitted that, if there was any error in the 

Fig. 8. 



f y »> 



design, the Barrator dam certainly erred in the right direction; 
and having regard to the observations made by Sir Benjamin 
Baker in the discussion referred to, it was doubtful if engineers 
wonld be bold' enough to adopt designs like that of the Tansa 
dam for straight dams with heights of 100 feet and upwards, 
especially when Water Committees had to be satisfied tf the 
■afety of the proposed structures. It occurred to him that the 
element of velocity of approach might interfere to some extent 
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Mr. Dick, with the oorreot estimation of heavy floods over the 50-foot gauge- 
weir, and as weir-disoharges were best measured at an outlet from 

still water, it might be worth while oon- 
^'^' sidering whether reservoir-overflows, either 

"""^I^w -*^^ on the orest of masonry dams or adjacent to 

Wj^ earthwork embankments, should not prefer- 

M^'^^^SoZX ably be designed somewhat as indicated in 
pi r\ ^^' ^' combining a practically sharp edge 

R ^2\ which would nevertheless not arrest floating 

objects, with a drop sufficient to keep the 
weir from being backwatered even in heavy floods. The clock- 
work registration of overflow levels would then render possible a 
very close approximation by calculation to the actual discharge. 

r. Friend. Mr. C. A. Feiend agreed entirely with the Author as to the 
necessity of by-passes where sluice-valves of large diameter dis- 
charged into a main, and also as to the advantage derived, both 
in charging and working the main from laying it to gradients on 
account of the facility with which the air escaped ; the additional 
cost was almost all in trenching. Unless the ground was treacher- 
ous, the inconvenience of laying every sixth pipe with a common 
socket seemed unwarranted by experience, the practice of setting 
out the main in straight lines and curves of large radius was to 
be advocated, the pipes in the curves being of the ordinary socket 
type, run with lead. The yield of 1 • 09 cubic foot of water per 
second per 1,000 acres was exceedingly high. At Algeciras, 
opposite Gibraltar, the dry-weather flow was 18 litres per second 
from a watershed of 1,400 hectares, which was approximately 
equal to only 0*18 cubic foot per second per 1,000 acres, the 
average rainfall being 35 inches ; that was to say, just two-sevenths 
of the minimum flow of the area which supplied the Burrator 
works with about 60 per cent, of the rainfall. 

Mr. Hill. Mr. A. E. B. HiLL thought the method of construction, adopted 
in the Burrator dam, of rough blocks of stone bedded in a matrix 
of strong concrete, was admirable, and reached the limit of com- 
bined economy and efficiency. He had seen a large dam, about 
175 feet high, constructed wholly of concrete ; it was a magnificent 
structure, but he could see neither economy nor any other sanction 
for first crushing large rock small, and then cementing it together 
again in the construction of works of this massive character. If 
rock was available in large blocks, their incorporation uncrushed 
in such work seemed to be dictated by every consideration. The 
conditions at the Burrator dam, where the structure was underlaid 
and flanked by solid granite, appeared to lend themselves admirably 
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Mr. Hill flow and diminished disoharge, and it meant rapid oorrosion and 
destrnction of the pipe. He had had occasion, in laying steel pipes, 
to require a contractor to remove from the trench 1,500 feet of 
pipe put down in careless fashion, and reduce the trench bottom 
correctly to gradient ; and thereafter he had had an assistant posted 
with level and rod to test every joint of pipes laid on flat gradients, 
and to insist on every joint being brought within ^ inch of its 
proper level. The results had fully justified in operation what 
many had regarded at the time as an unnecessary and burdensome 
exaction. 

Lackland. Mr. J. J. Lackland remarked that it was stated in the Paper 
that where the 25-inch pipe crossed the Great Western Kailway, 
for some distance the pipes were of riveted steel plates with flanged 
joints, and that the joints had been made by casting a ring of lead 
between the flanges, which were placed ^ inch apart. As this 
device for making the joints appeared to be more or less of a 
make-shift character, he thought it would be interesting if the 
Author could give information as to his experience with the joints 
in actual work ; for instance, in the case of a leaking joint being 
repaired, if such necessity should have arisen, had any peculiar 
difficulty been encountered in reinstating the joint; and in the 
original making of the lead joints had any difficulty been encoun- 
tered in preventing the molten lead from reaching the interior of 
the pipe, and, if so, how had this difficulty been overcome ? The 
Author did not state whether the flanges in these pipes had been 
properly faced in the lathe, or whether they had been used 
without being machined. 

ifiddletoD. Mr. E. E. MiDDLETON observed that the deficiency of available 
information on the important subject of the capacity of drainage 
areas for supply seemed to him to be deplorable, and almost unin- 
telligible considering the opportunities which engineers in charge 
of waterworks had for obtaining reliable data. On a few occasions 
in recent years he had had facts brought to his notice which had 
been calculated to upset the usual bases of calculation ; and few as 
they had been he had considered them of so much importance that 
he had endeavoured to get further reliable data to confirm or con- 
fute the figures before him, and had written to several waterworks 
engineers asking them if they could supply him with information 
as to the product of the drainage areas under their control — his 
object being to tabulate the data he obtained for the benefit of the 
Institution. He was sorry to say that he had failed signally to 
obtain any reliable information, and he might say to secure 
any information at all. He begged waterworks authorities gene- 
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The Aothor. with the flood water by passing it over the orest. The water- 
snrfaoe level of the soreen-ohamber was 53 feet below the top 
water-level of the reservoir. The quantities given as the delivery 
of the 25-inoh main were not both aotnally measured. The lower 
figure was a measured quantity, but the higher delivery was a 
caloulated one. It was impossible to obtain an aotual delivery 
with the full head of the reservoir whilst the main was new, as 
the reservoir was not finished until between 4 years and 5 yean 
after the main was laid, and in that time, with a soft water, 
nodules were formed in the pipe, and the delivery was impaired. 
The method of jointing the steel pipes had proved most satisfitotory. 
He had had no experienoe of repairing the joints, as there had been 
no repairs to make. In running the joint, an iron ring had been 
placed in the interior of the pipe, to prevent the escape of the 
lead. The flanges of the pipes were faced. 
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*' Eem " burner. The introdnction of this device has in an ex- 
traordinary degree assisted in the progress of lighting by gas, 
which is still its most important, though not, as formerly, its 
sole duty. By magnifying the normal illuminating power of the 
gas five-fold, it reduces the consumption and cost in an equal 
ratio; necessarily therefore removing the larger part of the 
products of combustion for the same amount of light. The 
invention came at a time when the public mind was stimulated 
to look for great developments in electric lighting, with a 
corresponding displacement of gas lighting. Especially has it 
assisted gas in the competition for street lighting; because, 
although other forms of burner were capable of giving light 
equal to that of the incandescent electric lamp, the position of 
gas was entirely different with respect to the large electric arc- 
lights, which were formerly unrivalled in intense lighting-power, 
though their cost prohibited their use except in important streets 
and areas. 

Although the late Sir Edward Frankland demonstrated long 
ago the high illuminating value of coal-gas if burned at a high 
temperature, which in his experiment was obtained by electric 
heating and ignition, little advance had been made beyond the 
Siemens regenerative gas-burner (which was soon copied and 
modified by other makers) until Welsbach gave to the gas 
industry a burner which has armed it against all competition 
for in-door or out-door illumination, wherever comparative cost 
is regarded. This statement is made without limitation, because 
by compression and heating of the gas, and by grouping the 
burners in clusters, illuminating powers can be obtained which 
rival the electric arc, at a relatively insignificant cost. On the 
other hand, the ordinary mantle-burner, developing between 
40 and 60 candle-power from a consumption of 3 cubic feet of 
gas per hour, suffices for lighting ordinary streets uniformly and 
effectively. Moreover the use of a larger number of separate 
lamps of lower individual power, thus dividing and distributing 
the total illuminatioD, affords the most effective and economical 
system of lighting. This must be obvious when the loss of light 
by radiation is considered, for if one light is to take the place of 
four in line its power must be increased sixteen-fold ; and with 
this loss are coupled the disadvantages of undue illumination in 
the immediate neighbourhood of the lamp, and comparative gloom 
in the middle distance. 

The Coin-Meter. — The second of the important innovations re- 
ferred to is the adoption pf the use of gas for lighting by large 
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Total number of 

ondertakingB 
Capital* . . 
Beoeipts . . 

Gas sold . . 

Miles of mains 
Number of con 

sumers 
Public lamps . 



( 



Tear ending 
December, 1895. 



} 



632 



£70,819,000 

£19,461,000 

111,443,702,000 

cubic feet 

23,857 

\ 2,659,771 

526,888 



Tear ending 
December, 1899. 



682 

£99,046,880 
£23,562,789 



IncreMe In 4 yetn. 



50 

£28,227,880 
£4,101,789 



135,721,696,000 24,277,994,000 



cubic feet 
26,807 

3,485,557 

581,206 



cubic feet 
2,950 

825,786 

54,318 



IncreMe 

Per 

Cent. 



) 



7-9 

39-8 
21*0 



21-7 
12-3 
81-0 
10-3 



Elbctbio Light Undebtakings, Yeab 1899.* 

Number 239 

Capital £23,279,347 

Beceipts £2,041,695 

Expenses £1,136,230 

Profit £905,465 

UniUsold 125,116,615 

These important factors have brought abont a gradual and 
steady reduction in the selling-price of gas, which has farther 
promoted its use for power and for a variety of trade purposes 
on all scales, as well as for domestic cooking and heating, which 
have lately been stimulated by the high price of coal. The great 
advantage of this class of consumption is that it reduces the cost 
of production, because it employs during the hours of daylight the 
plant and mains which would otherwise be idle ; and further, it 
does not call for storage, thus saving capital- and maintenance- 
charges. It also reduces fixed charges, management, etc., and 
part of the labour and supervision per unit. A contingent advan- 
tage is that it raises the consumption of gas in the summer-time 
when the long working-days are available — a period when for- 
merly the plant of a gas-company was employed to the extent of 
little more than 25 per cent, of its capacity. Thus by equalizing 
the summer and winter consumption, and so increasing the gross 
annual output, without increasing the capital- or working-expenses 



^ Much of this increase is nominal. The Gas Light and Coke Ck}mpany 
conyerted its 10 per cent, stock into two and a half times the amount of 4 per 
oent. stock, and the South Metropolitan Gas Company did the same. The total 
nominal addition for these two companies is over £13,000,000. 
^a, " Manual of Electrical Undertakings." 
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Breeze (small coke and ashes) is muoh used for making, with 
Portland oemeni, a light artificial stone, and in improved fomaoes 
oan be used as fuel for steam-boilers. 

Graphite scale from the retorts is of valne for electrio-aro 
carbons, the price varying between £4 10«. and £5 per ton. 

Naphthalene, which when deposited in the distributing-pipes 
presents so serious a difficulty, is of considerable value as albo- 
oarbon, used for enriching gaslight, and also yields an additional 
group of colours. It is further used as a dry and cleanly antiseptic 
and preservative of fabrics from moths, &c. 

Even the refase purifying-materials are now being turned to 
account, spent oxide of iron yielding sulphuric acid, ammonia, and 
Prussian blue; and spent lime being reburnt into caustic lime. 
Such refuse as the clinker from the furnaces and old broken retort- 
material has a saleable value in most populous places for concrete 
and road-making. 

It will thus be seen that of the materials imported into gas- 
works, even the impurities and refuse are turned to useful account. 
Indeed a striking difference between gas-making and all other uses 
of coal is the large value realised by sale of the residuals after 
providing for the requirements incidental to the manufacture. 
The yield from 1 ton of good Durham coal is : — 

Cwt. Lbs. 

Gm (15 candles) 8 25 

Ammonia 6*4 

Coke 12 45 

Breeze , . 1 70 

Tar (10 gallons) 1 1 

Water (12 gallons) 1 8 

Imparities 36*3 

Cyanogen 1*5 

Total 19 81-2 

Difference — probably represented . by gas lost inl q qq.q 
retort and elsewhere, and graphite deposited . . / 

20 



While dealing with these points it is important to follow the 
reaction, upon the price of coal, of the increased use of gas for fuel,' 
which, while forcing upon gas-manufacturers the production of a 
larger quantity of coke, on the other hand curtails to that extent 
the outlet for it by diminishing its applications. This causes 
powerful competition with coal and tends to reduce its price. 
Bearing in mind that, for every ton of coal carbonized, at least 
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Fvooeedingi.] KAMXTFAOTUBE AND DISTBIBnnON OF GAS. 51 

Oarburetted WcUer-Oas. — This affords a convenient, cheap, and 
effective means of giving a permanent additional illuminating- 
power. The cost will always be largely affected by local con- 
ditions ; bnt for works on the Thames at recent current market 
values for oil and coke, with the ** Lowe " plant as arranged by 
Messrs. Humphreys and Glasgow, the cost is given, in the second 
Table below, for 20-candle gas, at 18* 19(2. per 1,000 cubic feet ; the 
first Table showing the cost of 14j^-candle gas from Durham coal, 
viz., 16*98d. per 1,000 cubic feet. The difference is l*21d. per 
1,000 cubic feet. 

Coal-Ga8, June 1900. 

(Coat into the gasholder per 1,000 cuhic feet.) 

d. d. 

Goal 19-29 

Ck>ke, realiaed 7*89 

Breeze „ 0*47 

Tar „ 1-87 

Sulphate „ 2*12 

Total retidaalB realiaed 12*35 

Netoostofooal 6*9^ 

Purification 1*09 

Wages and aalaries 4*59 

Wear and tear 4-36 

Total working-expenses 10 01 

Totolcost 16*98 

Oil-Gab, June 1900. 
(Cost into the gasholder per 1,000 cubic feet) 

Materials — a. 

Oil, at 3 16(2. per gallon 10*43 

Water 

Coke, at 15t. 10(2. per ton 4*05 

Total .... 14*49 
Less tar, at 1 *82d. per gallon .... 0*79 

Net ... . 13*70 

Porifying and labour 2*03 

Wages and salaries 1*91 

Wear and tear 0*54 

Total cost . . 18*19 

^ ... . , /478,222,000 

Quantity of gas made | cubic feet. 

„ per gallon of oil used . . 302 cubic feet, 
tar „ „ „ „ . . 0*115 gallon. 

(k>ke used per 1,000 cubic feet 47*9 lbs. 

%1 
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The ooBt of purifioation of oarburetted water-gas is here exoep- 
tionally high, owing to special looal dfffionlties with regard to the 
disposal of spent lime, and also to a temporary enhancement in the 
price of lime in the winters of 1899 and 1900. The wear and tear 
is given at only the actual outlay on a comparatively new plant. 
The Author beUeves that so far, in this country, the plants have 
not been worked long enbngh to afford reliable data for ascertaining 
the cost of renewals, and it may prove that an addition of i^.iold. 
per thousand cubic feet should be invested annually to provide a 
sinking fund for renewal. 

A number of collateral advantages are incidental to the system, 
among which may be mentioned : — 

1. Facility for quickly varying or suspending the output of gas 
is obtained without, on the one hand, providing beforehand for 
storage of bulky raw material and for many additional workmen ; 
or, on the other hand, suffering material loss or damage by suspen- 
sion. This adaptability conveniently meets sudden climatic changes 
and j>owerfully supplements the storage-plant, so that, in several 
cases of delay in the provision of additional gasholders, loss of trade 
and inconvenience to consumers have been effectually obviated. 

2. Complete control is afforded over the illuminating power, 
which can instantly be increased by nearly 50 per cent, at a cost 
much below that of gas from cannel coal. 

3. The capital cost of the plant, up to the purifiers, is much less 
than for coal-gas, while the buildings and the area of land required 
are many times smaller. Thus a plant for 1} million cubic feet 
per day covers f acre, and costs £17,000, while the corresponding 
retorts, coal-stores, condensers, scrubbers, engines, exhausters, 
boilers and coke-storage could not be furnished for less than 
£58,000, nor on a less area than 4 acres. 

The purifiers, however, have to be much larger — nearly twice 
as large — and the cost of purifying is much greater than for 
coal-gas, the impurities amounting to between 2,050 grains and 
2,400 grains per 100 cubic feet (compared with 1,200 grains to 
1,400 grains for coal-gas) and being such as to require mainly 
lime, which is more expensive. The specific gravity of oil-gas 
being higher — 0*64 against 0*45 — the connecting pipes to the 
gasholders and the distributing-mains should be larger, or else 
they must be worked under higher pressures. 

4. There is less accumulation of coke in winter, when the stocks 
rise and values fall, and as the process both consumes coke and 
displaces part of that which otherwise would be produced from coal 
plant, the gain is two-fold. 
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between £4 and £6 for each house, means an extra capital of 
68. per 1,000 onbio feet beyond the normal capital of say 10«. per 
1,000 cubic feet, covering the whole of the plant, mains, &c. 



Works of Mamuficture. 

Here the engineer has most scope for economical treatment in 
selecting and designing : — 

1. A site for works, affording direct access for coal, by ship or 
railway, and for the deliyery of residuals, and affording good 
foundations for the plant and structures. 

2. Carbonizing and purifying plant arranged for saving labour 
and expense in moving material. 

3. Oasholder-tanks and storage-tanks of the most suitable 
materials available. 

4. Gasholders of which the dimensions and form are such that 
they are capable of extension by adding sections, so as to be per- 
manently available on future expansion of trade. 

5. A distributing system which avoids the laying out and use 
of service-mains of too small a diameter, and which has direct 
arterial lines, few in number and of such calibre as to delay for as 
long a period as possible the necessity for enlarging them. 

The following appliances are. now available for equipping 
works which are of sufficient size to employ them with advan- 
tage: — 

1. Coal-grabbing cranes, which in unloading ships or barges 
save the difference between, say, 4d. and 1<2., t.e., 3d, per ton. 

2. Siemens regenerative furnace for retorts, which saves one- 
fourth of the fuel otherwise necessary, and three-fourths of the 
labour of firing, whilst ensuring a higher and more uniform 
temperature, and consequently a larger output of gas per ton of 
coal and per retort, with longer life of the retorts and furnaces. 

3. Mechanical appliances for charging and drawing the retorts 
by hydraulic power, compressed air, or steam, with direct-acting 
or wire-rope gearing. Such machines are fed with coal usually 
from overhead hoppers filled by elevators from crushing-mills 
below the ground-level, which are again supplied from the 
stores by conveyors or by trucks on rails or roadways (Fig. 1, 
Plate 2). 

To avoid the cost of the fixed elevators and the overhead con- 
struction, and, further, to enable the coal to be taken direct from the 
stores to the retorts, saving removal to fixed points, followed by 
transfer to the machine, various systems have been devised. First, 
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This statement may be questioned, but 25 years' experienoe at a 
works SO fitted up, nsing oononrrently the same ooal as was used 
throughout by a London gasworks, enables the Author to speak 
with certainty on the point. Ammoniaoal liquor removes a 
large part of both the sulphuretted hydrogen and the carbonic 
acid, and is capable, by re-distillation into caustic ammonia, of 
removing the whole of these impurities. But the treatment 
of ammoniacal liquor for this purpose is both complicated and 
expensive, and is liable to considerable waste ; so that, although 
it would accomplish this work in closed vessels by the simple 
operation of pumps, and thereby realise a long-desired facility and 
saving, it is not yet practically available for the complete process. 
Spent oxide of iron may be considered a residual, as it contains 
some 50 per cent, to 60 per cent, of free sulphur, which is con- 
verted into sulphuric acid at the works of the Qsa Light and 
Coke Company, and the Sheffield and Commercial G^s Com- 
panies, and the resulting acid is used to fix the ammonia as 
sulphate of ammonia. Further, the waste sulphuretted hydro- 
gen evolved from such manufacture of sulphate of ammonia may 
now be considered a valuable residual at works which manu- 
facture sulphuric acid. The vapours yield an important amount 
of acid, and in this way a complete economic cycle of reactions is 
maintained between the various impurities. Lastly, the spent 
lime is re-burnt into caustic lime by use of the breeze and ashes 
in a Siemens regenerative furnace, lime being essential for 
removal of carbonic acid and for the elimination of bisulphide of 
carbon. Thus it is seen that the carbonizing process furnishes as 
residual products the materials chiefly necessary for purification, 
and that the impurities themselves constitute valuable residuals, 
capable of converting one another into more useful and avail- 
able forms. These reactions must be kept in view in designing 
works, so as to provide the facilities necessary without undue cost 
for transport. 

Storage of Gas. — The larger sizes of gasholders and tanks almost 
always work out cheaper per unit of capacity ; hence the advan- 
tage of large undertakings over small in capital economy. Pri- 
marily, whatever may be the situation, no engineer now neglects 
the saving arising when a telescopic holder of two or more lifts is 
constructed, instead of single holders, as formerly; because the 
cost of the tank is practically unaltered thereby, while the storage 
may be doubled, trebled, or quadrupled. As the tank will gener- 
ally cost as much as a single lift of the holder, and an additional 
lift costs little more than half the first single lift (leaving out 
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The cost of STioli a holder for If million cubic feet completed in 
1900 was £8,590, or £4 18«. Id. per 1,000 cnbic feet, and that of a 
similar holder in 1898 for f million cnbic feet was £5,000, or 
£6 13«. per 1,000 cnbic feet, another illustration of the effect of 
the scale of operations reacting inversely on cost per unit of 
capacity. 

Distribution. 

Economy in capital outlay is secured, and much waste is avoided, 
by laying, in the first instance, mains of liberal calibre, having 
regard to the small difference in cost between the smallest cast-iron 
pipe now generally made (2 inches in diameter) and the more 
useful 4-inch pipe having a delivery power, for the same length 
and pressure, nearly six-fold greater at a cost only one-half greater. 
Especially should be borne in mind the inevitable necessity of 
replacing sooner or later the 2-inch main by one of larger size, 
with the consequent cost of relaying and the still larger cost of 
repaving, accompanied by loss of part of the pipes removed. In 
places offering the poorest immediate prospect of consumption, a 
pioneer 4-inch main should be laid on one side of a new road to be 
supplemented later by a second main on the other side, which, if 
the general development requires it, may be of such increased 
calibre as will enable it to perform an arterial or carrying duty 
beyond its own extent. 

The main arteries should be as few in number and of as large 
a diameter as possible, in order to give the largest duty from 
the weight of metal employed and with the least friction. Pipes 
can now be cast of practically any diameter, and economy of space 
occupied in the roadway, as well as economy of capital, demands 
that instead of multiplying mains and wasting metal, labour, and 
paving-expense, besides incurring excessive friction, arterial lines 
be as few, as direct, and as large as possible. 

Nothing in this department saves capital in the long run like 
careful investigation of these points, and the relief of revenue from 
the renewal-charge incidental to the replacing of arterial mains 
by larger ones from time to time is also very great. 

Within the past year, in the suburbs of London, a 30-foot road was 
opened for a 24-inch main to be laid, and was found to be occupied 
by eight pipes of another company as follows : — one 36-inch, one 
30-inch, one 16-inch, one 15-inch, one 9-inck, one 7-inch, one 6-inch, 
and one 4-inch pipe, having an aggregate weight of 3,390 lbs. 
per yard. It is impossible to conceive that all these separate 
mains were necessary for any useful purpose whatever, while their 
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siderably more in existing streets owing to the expenses attending 
removal of the snbsoil, and the obstmotion to traffic. The Anthor 
laid gas-mains in the first snbway constmcted by the Metropolitan 
Board of Works in Sonthwark Street, Blaokfriars, and demon- 
strated the feasibility of doing so withont injnry or risk. This 
was done nnder the direction of Sir Frederick Bramwell and the 
late Sir Joseph Bazalgette, Mr. Hemans and Mr. Eobert Jone?^ 
MM. Inst. C.E. Mains of 18 inches, 10 inches, and 6 inches in 
diameter were so laid in 1867 for the satisfaction of the Parlia- 
mentary Committee, by whose direction Professor Qraham's indi- 
cator of percentage of explosive gas was used in the snbway. This 
snbway was followed by others in Garrick Street, the Thames 
Embankment, Commercial Street, and Qneen Victoria Street. 
They are available for all public services requiring subterranean 
connections, and a reasonable rent is charged for the accommoda- 
tion afibrded. 

Service-Pipes are now being laid, according to the Author's 
practice, of steam- tubing, which is 30 per cent, thicker than gas- 
tubing, and is expected to endure without renewal for an even 
longer period than is represented by this additional thickness. 
The wrought tubes are all coated with tar after being screwed 
together. This is preferred to painting or tarring them pre- 
viously, as the tongs in screwing up always pierce and remove any 
coating already on the pipe, and, although this only affects a 
trifling portion of the service, it necessarily damages the wholo 
length. The drilling and tapping of the mains and the screwing 
of the service-pipes into them are now always done by special 
tackle, which prevents gas from escaping. The life of a service- 
pipe is determined largely by its situation and its protection from 
leakage of water from the gutters in the roadway, and by the 
nature of the soil ; but under the new and more expensive methods 
of paving on cement-concrete foundations the endurance of such 
pipes is largely increased, and the life formerly attributed to 
them may be taken to be considerably extended. Service-pipes 
were formerly renewed every 12 years or 14 years; this period 
has been extended to 20 years or 21 years. 

Meters, — In former days wet meters were universally employed, 
and for accuracy of registration they are still the best, but the 
superior convenience of the dry meter has made it such a favourite 
with the public, that it has practically displaced the wet type, 
and, indeed, it is now so well made that meters of the best 
lakers have been found after so long as 15 years' to 20 years' 
mtinnons use to register correctly within 1 per cent, of error. 
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r. Bracken- for what had to be shown was that equally good or better returns 
''^' would not have been obtained — and in an easier, more mechanical 

and more scientific way — by the adoption of methods recognised 
as those of modem practice. The Anther's liberal and sonnd view» 
on distribution would be heartily welcomed and endorsed by alL 
Particularly should the thanks of engineers be acoorded to him 
for having so admirably drawn attention to the importance of 
appointing thoroughly trained men at proper remuneration to fill 
the responsible technical posts in British gas-works, as was don& 
on the Continent. 
Mr. Jones. Mr. C. E. JoNES congratulated the Author on having given 
a synopsis of the Metropolitan system. He did not intend to 
criticise omissions from the Paper, for it was evident to engineers 
that the Paper was not intended to be a complete history of the 
gas-undertakings in the kingdom. He agreed with the Author 
that reduction of capital expenditure was a very important matter. 
There was no doubt whatever that the gas-capital of this country 
stood very high, and one reason for this was indicated by the 
account of the eight mains found to occupy one street. That was- 
a case in which the need for economy in capital expenditure was- 
apparent, as one large main would do the work of all eight. Another 
source of economy was to be found in working gas at higher 
pressure than had been the practice hitherto. " Keep down your 
pressure " was a maxim frequently heard amongst gas-engineers -, 
but he did not believe that the practice was in all cases economical 
and if a gas-engineer could not lay gas-mains to work at higher 
pressures than a few inches of water it was time he employed a 
water-engineer to put down the mains for him. It was possible^ 
to work with pressures attaining even to scores of pounds, witL 
the greatest ease. The increase of pressure in gas-mains would 
lead to a reduction of capital, because as much gas could be driven 
through the small main as through the large one. This practically 
increased the delivering-capacity of the mains without enlarge- 
ment of the pipe. He would like the Author to give his view& 
upon that point. It had been truly remarked that gasholders- 
could be built without guide- framing, which cost between a 
quarter and one-third of the total cost of the structure, and 
that was another source of economy. He had put up the largest 
gasholder of the kind in Nottinghamshire many years ago, which 
had worked satisfactorily up to the present time. A great dealf 
of the capital expenditure in gasworks could be saved by abolish- 
ing the guide- framing, which was not necessary, and certainly 
was not ornamental. The Author had given the codt of gas of 
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kir. Glasgow, working of the Author's installations upon numerous oocasions 
when they had been under special study, but in no case would 
a comparison of the manufacturing accounts of the two gases, 
when manufactured concurrently, represent the financial benefit 
accruing from oarburetted water-gas. The auxiliary production 
of carburetted water-gas, as had been pointed out by the Author, 
enhanced the price of coke, obviated the use of channel enrichment, 
took care of the *' peak " load in winter and of emergency varia- 
tions and burdens otherwise borne by the retort-house, and 
enabled the retorts to be operated under practically constant load. 
All the advantages thus obtained went to the credit of coal-gas in 
the accounts. The means whereby these economies were obtained, 
being a burden on the water-gas plant, was charged against that 
gas in the accounts, and very rightly, so far as accounts went. 
But this was a question where common sense was called for rather 
than strict book-keeping, and he might remark in passing that 
no one was better able to exercise this common sense than the 
Author. By an odd coincidence he had received that morning, 
quite unexpectedly, a statement of the results, for the 6 months 
ending 31st December, of a large gas-undertaking, not in London, 
where the manager for his own information had made an estimate 
of what his gas would have cost him for that 6 months had it 
been all coal-gas, as against what it had cost when a certain 
portion had been carburetted water-gas. His figures were worked 
out in total sums. £88,000 odd was what the gas would have 
cost if it had boen all coal-gas ; the actual cost had been £68,000 
odd, a difference of £20,000 in 6 months. That difference in the 
year would have paid for the entire carburetted water-gas works. 
The percentage of water-gas used was not stated, but he thought 
it would be about 30 per cent. 

[r. Carpenter. Mr. Charles CARPENTER thought the Author was to be congratu- 
lated on his very able Paper, especially considering the fact that 
at the outset he had been confronted with the difficulty of making 
it interesting to the many while valuable to the few. With 
regard to the water-gas question, he was not a maker of water- 
gas, but he would make a few remarks from the point of view of 
the user. He objected strongly to the use of water-gas as a 
means of getting over what had been called the peak of the load. 
Every now and then, as a consumer, he had a dose of water-gas 
sent into the mains for the purpose of getting over the peak diffi- 
culty, and it was not at all pleasant. It upset the working of the 
gas-fires in the winter-time, and was not satisfactory in the 
incandescent-mantle burners. Care should be exercised in seeing 



76 DISCUSSION ON MODERN PBACTICB IN THE [Minute* of 

dr. Carpenter, the Author was the use of high-pressnre mains. Perhaps, without 
knowing it, the South Metropolitan Gks Company had taken a leaf 
out of the electrician's book. In South London, having an area of 
50 or 60 square miles, instead of supplying gas at a pressure 
about equal to that at which it was sent out of the works, high- 
pressure " feeders " had been used, on Mr. Livesey's suggestion. 
The mains from the works carried gas at high pressure into the 
hearts of the respective districts, where the smaller mains were 
supplied at lower pressure, and the result had been enormous 
reduction of the capital outlay in expenditure on gas-mains. 
Instead of an initial pressure of 3 inches or 4 inches head of water, 
a pressure of several times that amount was used, and the system 
had worked admirably. When the large amount of capital in- 
vested in gas-mains was considered, it was very important that 
the greatest possible duty should be obtained from them, and that 
object was attained by working them under the considerably 
higher pressures which Mr. Livesey had advocated. The maxi- 
mum pressure on the high-pressure mains under this system was 
at present about 12 inches to 15 inches head of water. 
Mr. Crots. Mr. F. W. Cross remarked that it had been his privilege to 
design and erect some inclined retorts during the past year. He 
had started with a rooted prejudice against coal-elevators and 
conveyors, and the question had arisen, what method should be 
adopted with inclined retorts for dealing with the coal. After 
much consideration it had been proposed to use hydraulic power. 
The design of the works was a modification of that shown in 
Fig. 5, Plate 2. On the right-hand side there was a coal-store 
running the whole length of the retort-house, 30 feet in width, and 
the side wall of the retort-house formed the wall of the charging- 
floor, of the hopper-floor, and also of the floor level with the 
top of the hoppers ; there was a semi-circular roof rising from the 
wall on the left-hand side and extending to the wall of the coal- 
store. That roof, instead of springing from a height of 50 feet, 
as shown in the diagram, sprang from a height of 35 feet, and 
gave ample head-room over the hoppers and the hopper-floor. 
Outside that building, quite apart from the retort-house and the 
dust and dirt of the coal and coke, was the power-house, whence 
power was transmitted underground to a lift placed in the coal- 
store against the middle wall, the lift having a direct-acting ram 
and rising to the height of the hopper-floor. The coal-store had 
several lines of tram-rails, and tip-wagons were used in which the 
coal was conveyed to the lift. On the lift was a turn-table. The 
lift was raised to the hopper-floor, and the tip- wagon was taken off 
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Mr. Cath. and had reduced the 1 6-candle standard for the illuminating- 
power of the gas; and he thought that was one of the wisest 
steps ever taken. The Author had set forth very fully the 
advantages claimed for the use of water-gas. He was rather an 
advocate of water-gas ; he had used it very largely in his own 
works for a number of years, and he was bound to say he had 
not found the little difficulty to which Mr. Carpenter had alluded. 
Probably that was because his gas was always maintained uniform 
in composition, the relative quantities of water-gas and of coal- 
gas being constant. An advantage due to water-gas which had 
been overlooked was* the great saving of labour. No plant in 
gasworks was more useful to the manager in dealing with that 
awkward question which all had to deal with from time to time, 
namely, labour, and there could be no more adequate testimony to 
its merits than the figures given by the Author, viz., 4*59(1. for 
coal-gas, and 1 * 91cZ. for carburetted water-gas. It was also stated 
in the Paper that the coke from machine-worked retorts was not 
worth as much as that obtained by the manual system ; but he 
had tried machine-retorts, and had found no difference whatever 
in the quality of the coke produced. 
Mr. Fowler. Mr. Henry Fowler differed somewhat from the previous speakers 
in that, being the gas-engineer of a large railway company, he 
represented to a large extent the consumer. He thought that, in 
discussions at the Institution, it was sometimes as well that the 
consumer should be a little more in evidence. With regard to the 
question of lighting, the Author had stated that the incandescent 
burner effected a saving in the ratio of 5 to 1, but he would be 
pleased if the Author could give any definite data with regard to 
the cost, with a large system, of repairs, renewals, chimneys, etc. 
The incandescent mantle was so rapidly coming forward at the 
present time that, by-and-by, gas-engineers would go about, not 
with a portable photometer, but with a calorimeter. Another 
point which not only gas-engineers but electrical engineers so 
frequently lost sight of was the varying intensity of light over 
a given area. Doubtless most members could call to mind places 
which were lit with lamps of high intensity placed near to the 
ground, the result being that in the immediate neighbourhood of 
the lamp itself there was intense illumination, in comparison with 
which the space between the lamps appeared to be almost dark. 
In these days of high-pressure gas-lighting that was a point 
which should be specially borne in mind, and the drawback 
could only be overcome by placing the standards at a height 
sufficient to give good diffusion of the light. In connection with 
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tfr. Batter- by the figures in the Table. It appeared that in Jane, 1900, 
^^^^' when both ooal and oil had been dear, 20 candle-power oarburetted 

water-gas cost abont l\d. per 1000 cubio feet more than 14^ 
candle-power coal-gas. The snperficial critic might ask why the 
manufactnre of coal-gas was continned, seeing that carbnretted 
water-gas would give an advantage of over 35 per cent, in the 
value of the gas for lighting-purposes, and that analyses of those 
gases of the qualities named showed an increased value for the 
oarburetted water-gas of about 16 per cent, for heating-purposes, 
while the extra l^d, on a selling price of 3«. per 1,000 cubic feet 
meant an increase of only 4 per cent, in cost. Therefore it would 
appear that the oarburetted water-gas would be the bett")r supply 
for the consumer, for all uses, at that slightly enhanced oosL But 
it had to be borne in mind that the low cost of the oarburetted 
water-gas was due to a large extent to the fact that it was pro- 
duced by the combustion of coke which was a by-product of 
coal-gas manufacture. If the plant were worked independently, 
its cost would probably be much greater ; nevertheless, he believed 
there was an inherent economy in the process. Some 10 years 
ago, when the process had been first introduced into this country, 
figures as good as those mentioned had not been obtainable. For- 
i^^oflji gas-engineers had attempted to make as good producer-gas 
as possible by raising the temperature of the fuel in the generator. 
Thirty per cent., theoretically, of the heating-value of the coke 
consumed during the blows was spent in raising the temperature 
of the fuel in the generator. The Dellwik process for making 
simple water-gas now aimed at utilizing something like 100 per 
cent, of the heating-value of the fuel consumed during the blow. 
Some analyses which he had made quite recently of the products 
from oarburetted water-gas plant tended to show that, uncon- 
sciously perhaps, the Dellwik principle had been more or less 
embodied in the oarburetted water-gas plant of the present day. 
Much higher duty for the oil and the coke than was shown by the 
Table had been claimed by Mr. Glasgow, and the plant of which 
he was speaking, according to the returns from the works — the 
Southall Works of the Brentford Gas Company — also showed a 
much higher efficiency in both respects. That plant had been 
manufactured by Messrs. Samuel Cutler & Co., while the Author's 
plant had been manufactured by Messrs. Humphreys and Glasgow. 
Instead of 30 per cent., fully 56 per cent, of the heating- value of 
the fuel consumed during the blows was utilized in the generator, 
and the surplus heat carried forward was quite adequate to gasify 
the oil. It was evident that the Dellwik principle in its entirety 
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Mr. Butter- naphthalene by washing the gas with the green oils of tar. In 
that process ^ pint of the oils was said to suffice for the removal 
of the naphthalene from 1,000 cubio feet of coal-gas. The tar 
from 1,000 cubic feet of coal-gas contained something like ten 
times that amount of tar-oils, and therefore it would appear 
there was an ample supply of those oils in the tar to remove the 
naphthalene. It was open to question, however, whether the large 
and expensive condensation-plant necessary to apply the tar for 
that purpose was cheaper and more easily supervised than the 
comparatively simple and compact washing-plant by which the 
oils might be applied directly. 

Ir. Livefej. Mr. George Livesey remarked that the Author had gone into 
the subject very thoroughly, and the Paper might be taken as an 
up-to-date record of what was known and practised in gas- 
manufacture. In the Table of gas-undertakings, the Author gave 
the percentage of increase under various headings, and amongst 
others there was an increase of capital in the last 4 years of 
£28,227,880 or 39*8 per cent. As the Author mentioned, that 
was not the real increase, because in a number of cases the capital 
had been nominally increased. In addition to the two London 
companies referred to, he believed there had been certain purchases 
of gas-undertakings by local authorities where the nominal capital 
had been largely increased. At any rate those figures showed a 
great discrepancy — an increase of 39 per cent, in the capital and of 
21 per oent. in the quantity of gas sold. He was sure the Author 
would never agree that such figures could be taken as illustrating 
what gas-engineers wished to see. He had no doubt the fact 
was that, with an increase of 21 per cent, in the quantity of gas 
tsold, the increase of capital would probably be about 10 per cent., 
and it was to reduction of the capital charge per thousand cubic 
feet sold that gas-companies looked for economy in supplying gas. 
The Author, in dealing with labour-saving machinery, said that 
many of the machines as yet failed to attain the speed and 
efficiency of zealous and well-directed Land-labour, and he quite 
agreed with that remark. A man with a shovel and a barrow 
took a great deal of beating if he would work properly, and he 
believed that in many cases very little advantage had been 
"derived from the introduction of stoking-machinery, because the 
work of the machine had been limited by the action of the trade 
unions. The South Metropolitan Gas Company was perhaps in a 
unique position in that matter. It had been forced into the 
adoption of labour-saving machines against its will — certainly 
against his will ; it had been with the greatest regret that he had 
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fr. Woodall. system, as had been done, with all the economies whioh had 
resulted since its introduction. Comparing the prices charged to the 
consumer at the present day with the prices charged, say, in the year 
1876, it would be found that practically the whole reduction in 
price that had taken place in the interval had been due to the 
reduced net yalne of coal, and to the reduction in the charge for 
capital which had resulted from the compulsory sale of stock by 
auction. That was a point worthy of notice. The Paper had not 
dealt to any large extent with recent construction, but he was 
surprised at the uncertainty that appeared to affect the Author's 
mind with regard to inclined retorts. There was hardly a retort 
being built in Continental works which was not upon that plan, 
and he knew of seyeral works in England where ooal was now 
being distilled in no other retorts but those on the inclined system. 
He had the greatest respect for Mr. Carpenter's opinion, but he 
thought the difficulty that he had found with regard to the 
creeping or sliding of the coal in the retorts could be met, and was 
met, comparatively easily by blending the coals, so that those 
which had a tendency to creep down were held by those which 
had a less tendency, or none at all. The system itself was a very 
charming one, and was distinctly economical in use. If he were 
to place in order of importance the improvements in gas-manufac- 
ture which had taken place in modem times, they would be 
the introduction of labour-saving machines, the introduction of 
carburet ted water-gas, the improvement in the firing of retorts by 
the introduction of gaseous firing, and the regenerative principle. 
There were works now where the coal was picked from the ship 
or from the truck, carried to the retort and passed through it ; and 
where the coke was taken out and carried away, lifted into hoppers 
and loaded into trucks or barges, without being handled at all 
except by machinery. That, combined with the introduction of 
water-gas, had improved the conditions of labour, and had made 
the conduct of the business of a gas-company much more pleasant, 
both to the men themselves and to their chiefs, than it had been 
in days gone by. 

•. Hawksley. Mr. Charles Hawksley, Vice-President, thanked Mr. Woodall for 
his appreciation of the designs of his late father, who had always 
endeavoured to make gasworks not only such as would last, but 
such as would disfigure the neighbourhood as little as possible. 
With regard to the supply of gas during the day, perhaps suffi- 
cient attention was not paid to the overlapping of the day and 
evening consumption, say, between 4 o'clock and 6 o'clock on a 
winter evening. Warming went on in the evening as well as 
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Gorrespondence. 

Ir. Botley. Mr. C. E. BoTLEY remarked that the Tables furnished by the 
Author at page 50 amply illustrated the active and progressiye state 
of the gas-industry, and he believed he was correct in saying that 
the annual increase in gas-consumption alone in recent years had 
been equal to the total output of electricity during the same period. 
As the Author had truly stated, this was largely due to the intro- 
duction of the Welsbach mantle and the coin-meter. For a long 
time electricity had had a monopoly in the matter of the supply of 
powerful light in the electric arc, but the Welsbach mantle with 
gas under moderate pressure was now a very formidable rival, as 
equal lighting-power could be obtained at much less cost than by 
electricity. With the Author's views on the waste of money 
entailed, both to manufacturers and consumers, in compelling the 
enrichment of coal-gas he thoroughly agreed, and it was a matter 
of satisfaction that Parliamentary Committees had sanctioned a 
departure in this respect by reducing the standard of illuminating- 
power in the case of certain companies. The advantages of a 
carburetted water-gas plant as a valuable adjunct to a gasworks 
were, he thought, generally recognised. The mixed gases, however, 
should, as far as possible, be regularly proportioned to avoid diffi- 
culties at consumers' fittings. He could not agree with the Author 
that coke was the best material to use in the scrubbers in the 
primary washing of the gas for the extraction of ammonia, because, 
however carefully the previous condensation of the gas was 
efifected, the material became clogged and had to be renewed 
periodically. He preferred to use 3-inch drain-pipes superposed 
in layers, the outside edge of one pipe being over the centre of that 
next below. This method was quite as efifective as the coke scrubber, 
and the apparatus could be steamed out readily, when necessary, 
without having to remove the contents. On the vexed question 
of naphthalene deposits he was unable to agree with the Author 
that either effective condensation or the admixture of carburetted 
water-gas afforded a perfectly reliable remedy, as experience else- 
where had shown. In the former case so much depended on 
uncontrollable climatic conditions, and in the latter on the per-* 
manenoy or otherwise of the carburetted water-gas employed. If 
this contained condensable oil-vapours it would undoubtedly help. 
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Mr. Cripps. ground saturated with water alongside a river, an above-ground 

steel tank was the only eoonomioal structure. Unfortunately* 

these struotures became very expensive when of large size, and 

had hitherto been impracticable over a certain size* oinng to 

the enormous bursting-stress demanding an inordinate thickness 

of metal in the plates, a thickness which was beyond all reasonable 

construction. The difficulty had been partly overcome by making 

the sides with double plates. He had recently devised a tank 

having the sides looped outwards between the standards or uprights 

supporting the guide-framing above. Fig. 8. This allowed 

„. of the side-plates being made 

^^^;^!^:^ST:s^^ much thinner than would other- 

xj^^^^^ ^^^^i^ ^^®® ^ necessary, for the obvious 

y/y^ ^S. reason that each loop was the 

^ ^ arc of a much smaller circle 

AL^^ **Jv than that of the diametw of the 

pT ^ N tank. But the resultant out- 

M / Lq ward force at the intersection of 

Y^ ' Jy each pair of bays or loops must 

\iw J^f be resisted either by the trans- 

aN. yy'^ verse strength of the standard 

^^^^^^Tzr—yf^^^^^^^ as a cantilever, or by a strong 

tie or ties uniting all the stand- 
ards together in a circle. Such ties required to be of consider- 
able sectional area to resist the tension; water- tightness not 
being required, it was more convenient to dispose the metal to 
meet the stress in this form than in the side-plates of the tanks 
alone. In all steel tanks fixed partly below ground, his practice 
had been to build a dwarf wall round the outside, leaving a space 
of 1 inch between the brickwork and the side-plates of the 
tank from the bottom upwards. This space was filled with hot 
pitch or asphalt, after removing any water which might have 
collected in it. The pitch found its way under the bottom, and 
completely protected the tank from rust and corrosion at the 
ground-line; it was weathered oflf at the top of the wall. In 
comparing the cost of rendered and of puddled tanks it should 
not be forgotten that in a rendered concrete or brick tank of 
large size the walls generally needed to be thicker, to resist the 
bursting-pressure of the water, than in a puddled tank, and for the 
following reason. In a rendered tank the watertight skin on the 
inside threw the whole of the bursting-stress on the brick or 
concrete wall, and as both brick and concrete were unsuitable for 
resisting tensile stress, and the backing, however solidly rammed, 
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•Mr. Crippt. to the same slope as, and lying nnder, the oone. This appeared 
to have much to recommend it, particularly for a rendered tank, 
as the skin was pierced where the water-pressure was least. It 
also kept the pipe away from direct contact with the water in the 
tank, except just at the top. This avoided chilling the gas, thereby 
obviating one of the chief causes of the deposit of naphthalene in 
the inlet- and outlet-pipes. 

With regard to the cost of various tanks, the Author 
had stated that a brick-and-puddle tank for a gasholder of 
2} million cubic feet capacity, constructed in the most favourable 
soil (clay), would cost £5 9«. per thousand cubic feet of its capacity. 
Mr. Cripps had designed and carried out a brick-and-puddle 
gasholder-tank for the Bournemouth Gas Company in the worst 
possible soil, viz., running sand, for a gasholder not much more 
than half that size, for about the same price per thousand cubic 
feet ; which, bearing in mind the bad ground in which the tank 
had had to be constructed, and that the smaller the tank the more 
it should cost per thousand cubic feet, seemed to show that tanks 
of the brick-and-puddle class, if built in satisfactory soil, such as 
clay, should be constructed at a much less cost than that named 
by the Author. He had designed a concrete tank as an alternative, 
but the cost would have been greater. In 1897, when bricks were 
very dear, he had constructed a concrete-and-puddle tank in clay 
soil for a holder of 1 million cubic feet capacity. The concrete had 
been made of burnt ballast, the clay as it was excavated from the 
trench having been burnt into ballast and then returned in the 
form of concrete to make the wall. There had been considerable 
difficulty in disposing of the excavated material, and hence it had 
been desirable to use as much of it as possible in the construction 
of the tank. The burnt clay ballast and puddle disposed of a great 
deal. This was probably the first gasholder-tank ever constructed 
of concrete made with burnt ballast. There had been a slight 
leak at first, due, he thought, to a fault in the puddle at the inlet- 
and outlet-pipes, but it had since *' made up " and the tank was 
now perfectly sound. The cost had been £3 17«. per thousand cubic 
feet capacity, which, considering the small size, could not be con- 
sidered dear. In passing, it might be noted that it was perhaps 
scarcely fair, when comparing the costs of different tanks, to base 
the cost upon the cubic capacity of the gasholder, because a three- 
or four-lift holder required no larger tank than a single or two- 
lift holder of the same diameter. The tank would cost the same in 
either case, if of the same diameter and depth. The comparison would 
be better made in terms of the capacity of one lift of the holder. 
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Mr. Cripps. therefore thought there was still something to be said for a trnssed 
top. Cases might be mentioned where, if the tops of the holders 
had been trussed, much expense might have been saved. A 
special fan had to be fixed to get the gas away with sufficient 
pressure, because the top lifts were so light that they did not give 
enough pressure^ This probably involved the use of more fuel 
than if the exhausters had done the work at first, besides other 
expenses. 

The Author adopted elevated purifiers discharging from the 
bottom, but in the matter of discharge-pipes Mr. Cripps thought a 
better type was that made in segments corresponding with the 
depth of each tier of sieves, each segment being lifted out in turn 
as the sieves were removed. This allowed of the material being 
thrown into the discharge-pipe without any lifting. Purifiers 
without water-lutes for the covers were becoming very general, 
but he believed the Author had been the first to design the cover 
of the same size as the purifier, when of the non-luted type, 
instead of a number of what he termed " mere manlids." The 
Author's system of holding covers down in the central area was 
a great advance on the old-fashioned plan of throwing all the 
lifting-stress on the edges of the purifier, and allowed of the 
covers being made much lighter, besides reducing the strain on the 
side-plates of the purifier and on the curb of the cover. Also, the 
lift at the edges being reduced, the soundness of the joint was 
more secure. It had been found in practice that the lifting- 
pressure on the cover in a large purifier might be sufficient to 
raise the sides of the purifier right off the foundations,^ but by 
holding down the cover in the central area as well as the edges 
this danger was avoided. In purifiers without water-lutes the 
pressures might rise considerably, in fact until the siphons 
belonging to the apparatus preceding the purifiers began to blow ; 
and therefore the lifting of the side-plates must be guarded 
against, and the whole purifier must be designed to resist the 
extra stress that might come upon it. The central holding-down 
was undoubtedly a great relief. The standards for sieve-bearers 
could easily be made use of for anchoring the holding-down bolts 
for the cover. In designing covers to resist high pressures, curved 
surfaces should be adopted where practicable and not flat surfaces, 
otherwise the stress was so severe on the sheeting and riveted 
joints. Doubtless covers with flat tops might be pointed to as 
having stood successfully, but it was probable that no very great 
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Mr. Ham- and reckless gas-companies had actually peeped out of their shellSt 
phrjri. shaken hands with their customers, and gone to look at the state of 
things on the consumers' side. Some of the old and oautious 
companies had shaken their heads and said that sort of thing was 
not in the Act of Parliament, but the unmistakable success of these 
ventures, and the reception accorded to them by the consumers* 
could not be gainsaid, and it had soon become evident that a show- 
room was a necessary auxiliary to every gas-office. And now it was 
no uncommon thing to find the gas-company undertaking anything 
and everything that the user of gas required. In any case'the old 
isolation was completely broken down and the requirements of the 
consumer were assisted in various ways. As soon as gas-companies 
changed their attitude the demand for gas had increased; and 
with this progress in view it might reasonably be hoped that 
gas-companies would eventually attach as much importance to 
the selling department as was usual with other manufacturers. The 
incandescent-mantle gas-burner had made great progress, but not in 
a degree commensurate with its intrinsic capabilities, or the truly 
marvellous nature of the discoveries of Auer von Welsbach, which 
at one stroke had multiplied the actual illuminating-value of the 
gas to the consumer not less than sixfold. And in considering the 
^gg^ogsite increase in the quantity of gas consumed, the fact that 
many users, whilst getting more light, had largely reduced the 
actual quantity of gas used should not be overlooked. It was 
unnecessary to discuss in detail the causes which had hampered 
the extension of this system. In the first place, however, it was 
an unregulated monopoly, and as such the appliance was sold at a 
high price. Even after large reductions the cost was still much 
higher in England than on the Continent. At first the proprietors 
had endeavoured to introduce it independently of gas-companies, 
by means of a special agent in every town or district, and although 
this had been altered, and gas-companies were now put on the same 
footing as other wholesale users, a good deal of unnecessary friction 
was caused by regulations of an autocratic character, some of which 
restricted the sale as much as they protected it. The appliance 
was continually before the law-courts, and the advertisement 
columns of newspapers and magazines teemed with threats of all 
the unknown terrors of the law against everybody and anybody 
who might by accident or intention get within striking distance 
of an infringing imitation. As a consequence many prospective 
customers, having no practical knowledge of the difference between 
the genuine and the spurious article, preferred to be cautious and 
to have nothing to do with it. If the enormous sums which h^ 
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r. Hirnter. 
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The position of the West Kent Gas Company was exceptional, 
owing to the high price which it had power to charge. The 
large capital expenditure of some of the above-mentioned com- 
panies might be due to special circumstances, but this did not 
affect the general argument. He further desired to point out the 
excellent results in regard to purification achieved by the Com- 
mercial Gkis Company under the Author's management. The 
official returns of the three Metropolitan Companies for sulphur 
and ammonia per 100 cubic feet during the year ended SOth July, 
1900, were :— 
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Gas Light and Coke Company . . • . . . . 

Bonth Metropolitan , 
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One effect of the introduction of electric light had been to 
stimulate a demand for more light, and it had consequently, in 
his opinion, tended to increase the consumption of gas. On 
the other hand, the powerful electric arc-lights seemed at one 
time to put gas out of competition for street-lighting, except in 
regard to cheapness of production. The Welsbach burner, how- 
ever, had restored the equality, and, taking cost into consideration, 
the supremacy of gas. This result had been still further developed 
by the introduction of burners using gas under high pressure. 
The finest installation of street-lighting under the high-pressure 
system which he had seen was that in the Eue de la Paix, Paris. 
Li London similar good results were being obtained. If the 
lighting of Parliament Street and Whitehall by high-pressure gas 
"lared with the lighting of the Thames Embankment by 
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r. Hntton. 15 years ago of all the then existing companies. The consumption 
of gas at the present time was about 25,000 million cubic feet 
yearly for the consolidated gas-companies in New York, and for the 
Brooklyn Gas Company, recently added to the combination, about 
4,400 million cubic feet, together supplying a population of about 
3,500,000. Of this about one-fourth was coal-gas ; the remainder 
was carburetted water-gas, which would probably supersede en- 
tirely the coal-gas in the works of these (companies. The works 
were situated almost entirely in the thickly built portions of the 
city, covering large areas of very valuable land. In order to 
realize this property, a tract of land had been purchased on Long 
Island Sound, adjoining Brooklyn, and land had been acquired 
later in New Jersey on the opposite side of the Hudson Biver. 
It was rumoured at present that the latter site would be adopted 
for the construction of works of sufficient magnitude to supply at 
least that portion of the greater city west of the East Biver, the 
gas being brought by pipes in one or more tunnels under the North 
or Hudson Biver. Both sites were easily accessible by water. 
Mechanical appliances were used for charging and drawing the 
retorts, &o. All the modern gas-tanks were of steel, built upon 
foundations of concrete and piles (where the latter were required) 
at a greater or less depth below the surface of the ground, contact 
with the earth being prevented by a walled area from the foun- 
dation. They were made watertight by a bottom or floor of light 
plates of steel. The soil at the various sites of the tanks in New 
York was not such as to permit of their construction in masonry 
or concrete. The recent tanks had been about 175 feet or 180 feet 
in diameter, with a depth of water of 40 feet to 45 feet. These 
dimensions involved the use of very heavy plates for the lower 
courses, plates up to 1^ inch in thickness having been used. The 
inconvenience and expense of drilling and handling these heavy 
plates had induced the Continental works, which had built a 
number of these tanks, to adopt a system of double plates, using two 
plates I inch thick for the lower courses, diminishing to ^^ inch in 
thickness at mid-height of the tank. Not only could the thinner 
plates be more easily handled and punched, but they could be 
obtained in greater lengths than the very thick plates. Those of 
the Nineteenth Street tank were 25 feet long, reaching from 
buttress to buttress, and 4 feet 6 inches wide. Although in some 
of the tanks the guide-frames were carried by brackets reaching 
down some distance (say 12 feet to 16 feet) on the shell, in tliis 
tan*k they were carried by buttresses, 3 feet wide, resting on the 
foundation. These, in connection with the circular girder at the 
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Tht Author* ground. The remarkB of HJ r. Cripps upon tank-oonstmction were 
very interesting and instructive. He was in agreement with that 
gentleman in regard to the difference between putting the water- 
proof skin of the tank behind the brickwork in the one case, with 
puddle, and in front of the brickwork or concrete in the other 
case, with cement rendering. The importance of having no 
stretching or tightening up of the concrete wall of the tank 
against the ground behind it had been so long realised by the 
Author that he invariably filled in the trench with a perpendicular 
wall of concrete introduced under pressure as the timbers were 
withdrawn, so that any stretching such as Mr. Cripps alluded to 
was out of the question. More especially was this clear when the 
weight of any earth backing was compared with the weight of 
water opposed to it. He concurred with Mr. Cripps as to the 
extreme difficulty of erecting metal tanks of large diameter, by 
reason of the impossibility of connecting the sections, whether 
by rivets or bolts, in a manner giving adequate strength ; 
belts to such structures always involving special mechanical 
difficulty in adjustment as to tightness, and in elasticity. He 
could hardly hope to deal with the special branch of tank- 
and gasholder-building at the length which Mr. Cripps had 
adopted in his criticism, as the Paper could not have come 
within the limits assigned to it. The objection to Mr. Cripps' 
suggestion of segmental discharging-pipes to purifiers was that 
the temporary joints between the sections, broken every time 
the purifier was discharged, would be liable to leakage and con- 
tamination of the gas. In this matter, as in the question of 
scrubbers, the rigour of the tests applied to the gas under the 
administration of the London County Council was such, as illus- 
trated by the Table given by Mr. Walter Hunter, that few 
provincial gas-engineers had any idea of the delicacy of the con- 
ditions to be constantly maintained. As to the tie-bolts in the 
purifier-covers, he was pleased to have Mr. Cripps' concurrence. 
He believed that he had been the first to make an entire purifier- 
cover without a water-seal, and held in place in the manner shown 
in the diagram. Fig. 6, Plate 2. Replying to Mr. Griffith's 
criticism in reference to capital, he could not accept the suggestion 
that his figure of cost for small gasworks was misleading as 
being too low. Small works were necessarily simple in construc- 
tion and free from complicated and expensive machines. A works 
having an output of 50 million cubic feet per annum was not a 
very small one. It was agreed, however, that the rates per 
million cubic feet increased rapidly as the smaller scales were 
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16 Author. With regard to the omission from the Paper of any reference 
to columnless gasholders, he oould only say that the Paper 
was intended to deal with what he oonld rely npon and approve. 
Mr. Livesey had only, so far as the Author knew, abandoned the 
framing for the top lift of his gasholders, through finding the 
lower lifts of the existing holders of sufficient surplus strength, 
or, in new work, by constructing the lower part of the guide- 
framing of additional weight and strength. He desired to repeat 
that the extra leverage on the higher gasholders could best be 
met by carrying up the guide-standards and staying them by 
diagonal rods and horizontal girders at the height where such 
rods were most effective in restraining the movement of the standard 
under stress. It was simply a question of putting the strength in 
another part of the framing, and not of dispensing altogether with 
framing. Whilst Mr. Hunter's criticism was only too favourable, 
it was valuable, by comparing the figures of capital, and also the 
results of purification, between different companies, as showing that 
the aims of the Author, whether in capital cost or in efficiency of 
manufacture, had not been misdirected. The Author appreciated 
Mr. Hutton's remarks as showing the practice on the other side of 
the Atlantic, but they did not call for further comment than to 
notice his statement that electrolysis, which formerly had done 
much harm in Brooklyn, had been partially cured by the use 
of such return-conductors as, in the present session of Parlia- 
ment, the gas- and water-companies of London had in vain sought 
to enforce on the tramway and railway authorities. Finally, it 
would be found that those who had entered into the discussion 
had largely answered one another. In the main points he 
was glad to have the concurrence of so many of those engineers 
who were practically dealing with the questions in important 
spheres of action. 



23 April, 1901. 

JAMES MANSERGH, President, 
in the Chair. 

It was resolved— That Messrs. G. E. W. Cruttwell, E. P. Hill, 
F. Hudleston, B. Mott, A. H. Preece, L. Robertson, J. J. Webster, 
and L. S. Zachariasen be appointed to act as scrutineers, in 
accordance with the By-laws, of the ballot for the election of the 
Clouncil for the year 1901-1902. 



Prooeedlogt.] 



XLSOnONS, ETC. 



121 



It was announced that the Associate Members hereunder men- 
tioned had been transferred to the class of 

Memhen, 

BoBiBT Alfbxd Gabb. I Gbbald William Pabtbidgi. 

Hbbbebt Pktsb Babbow Biobt. 

And that the following Candidates had been admitted as 

SlfidenU, 



CONNXLL WlLLIAX LONO AlEXAKDSB. 

Geoboi Hkbbkbt Blacklogk, BJL 

{Cantab,^ 
Robbbt Bbowvb Dunwoodt. 
Thomas Beoihald Pblham Lane. 



Hkbbkbt Fkthebstom Llotd. 
Abohibald Hugh MoMubdo. 
John Pollok. 
Fbedkbick Miohakl Babbankl Boskn- 

THAL. 



BooKB Whitlxt, B.A. iCaniab.) 

The Oandidates balloted for and duly elected were : as 

» 

An Honorary Mentber, 
James Dbwab, M.A., LL.D., F.B.S. 



Members, 



Am^di^ Mabib Joseph Albt. 
Westqabth Fobsteb Bbowk. 
Walteb Balfh Hbbbing. 



MoNTAGins Baffikgton SIsllob. 
Fbederick Mills. 
Philip Watts. 



AMioeUUe Meadters, 



William Chables Cabteb. 
Heicbt Matthias Clabke. 
Reodiald Sobbb Cole, M. A. (Cantab.) 
Ajtdbew Mabshall Downie, B.&C. 

{Gla9.\ Stud. Inst C.E. 
Fbedebick Abthtjb Hubley, F.CH 
Abthub John Ibwik, B.A.L (DuM) 
Abthub Cldton Kellt, Stud. lost 

C.E. 
John Kibkland, B.Sc. (Victoria). 



James Lobd. 

Jamks Chables O'Connell, B.E. 

(Royal) 
Geoffbet Hope Peabson, Stud. Inst 

C.E. 
Datid Wiluam Boss. 
William Henbt Boubohibb Satile, 

Stud. Inst C.E. 
Sydney Abthub Smith. 
Bichaed Ebnest Weight. 



The discussion upon the Paper by Mr. Harry K Jones, on 
*' Modern Practice in the Manufacture and Distribution of Gas," 
occupied the eyening. 
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ANNUAL GENEEAL MEETING. 



30 Apnl, 1901. 

JAMES MANSERGH, President, 
in the Chair. 



The Notice convening the Meeting was taken as read, as well 
as the Minutes of the Annual General Meeting of the 24th April, 
1900, which the President was authorized to sign. 

The Beport of the Council upon the Proceedings of the Institution 
during the Session 1900-1901 was read, the Statement of Accounts 
being taken as read. 

After consideration, it was resolved, — That the Beport of the 
Council be received and approved, and that it be printed in the 
Minutes of Proceedings. 

The Scrutineers reported the election of the Council for 1901- 
1902 as follows :— i 

Prendent. 

CHAELES HAWKSLEY. 
Vice-Presidents. 



Sir William Henry White, 
K.C.B., D.Sc., LL.D., F.B.S. 



John Clarke Hawkshaw, M.A. 
Francis William Webb. 



Sir Guilford Lindsey Molesworth, K.C.I.E. 
Other Members of CounciL 



James Barton, B.A. 

Horace Bell. 

Sir Alexander Eichardson 

Binnie. 
Benjamin Hall Blyth, M.A. 
Cuthbert Arthur Brereton. 
Thomas Forster Brown. 
Eobert Elliott Cooper. 
Cecil West Darley. 
George Frederick Deacon. 
William Robert Galbraith. 
Edmund Phillips Hannaford. 
George Henry Hill. 
James Charles Inglis. 



Alexander Blackie William 
Kennedy, LL.D., F.E.S. 

Anthony George Lyster. 

John Allen McDonald. 

Edward Pritchard Martin. 

William Matthews, C.M.G. 

William Shelford, C.M.G. 

Alexander Siemens. 

Thomas Stewart. 

John Strain. 

John Isaac Thorny croft, F.R.S. 

William Cawthorne TJnwin, 
B.Sc., F.E.S. 

Frederick Eobert Upcott, C.S.I 



Sir Edward Leader Williams. 



' The Council commonoe their year of office on the first Tuesday in 
Noyember, 1901. 



Prooeedings.] 



AKNUAL QENEBAL HSBTtNG. 
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Besolved, — That the thanks of the Meeting be given to the 
Scmtineers, and that the Ballot-Papers be destroyed. 

Mr. John J. Webster responded on behalf of the Scrtitineers. 

Besolved, — That the thanks of the Institution be tendered to 
Messrs. John George Griffiths and Alexander Boss, for the time 
and trouble bestowed by them in auditing the Accounts for the 
past financial year ; and that they be re-appointed Auditors for 
the ensuing year. 

Messrs. Griffiths and Boss acknowledged the Besolution. 

Besolved, — That the thanks of this Meeting be accorded to 
Mr. James Mansergh, President, for his conduct of the business 
as Chairman of the Meeting. 

The President acknowledged the Besolution. 

The proceedings then ended. 



[Bepobt of the Council. 



124 BEPOBT OF THE OOUNGIL. [Minatei of 



BEPOBT OP THE COUNCIL, 1900-1901. 



Before presenting, in aocordance with the By-laws, the yearly 
report upon the state of the Institution, the Council have to 
record here the deep sense of the loss felt by the members in every 
part of the world on the death of Her Majesty, Queen Victoria, 
whose beneficent reign witnessed the progress of the Institution 
since the period when the chair was occupied by James Walker, 
its second President. 

The members will learn with great satisfaction that His 
Majesty the King has been pleased to signify his intention to honour 
the Institution by becoming its Patron, thus continuing in a 
more marked degree the countenance and support afforded by his 
connection with it since he became an Honorary Member in 1865. 

During the past Session considerable effort has been made to 
promote efficiency in the discussion of the Papers presented at the 
weekly meetings. It has long been recognised as impracticable 
to advise each member individually of every Paper about to be 
submitted for discussion, even were that course likely to be of advan- 
tage. Such notification has however been made to those who were 
understood to have special experience in the various subjects 
under consideration. An attempt has now been made to extend 
this notice, and to arrange for the issue of early (unedited) proofs 
of the Papers, if requested, to a much larger number of members — 
broadly classified as to special practice — so far as the subjects 
appear to touch their particular branches of work. 

To give effect to this departure — still in an initial and 
necessarily incomplete state — some 20,000 personal notices were 
issued during the session. The practice seems to have been 
justified by an enhanced interest taken by many members in the 
discussions, both orally and in writing, to which reference will be 
made later. 

Another matter which has engaged the close attention of the 
Council is the better definition of the requirements for Corporate 
Membership. The last Annual Eeport contained an explanation 
of the regular education contemplated by the By-laws as a condition 
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Statement and Reasons Against the Petition iob a Cbabteb of 
Inooepobation to the iNBTrrmoN of Mining and Mbtallttbgt. 

The Institntion of Civil Eogineen was establisbed in the year 1818, and was 
incorporated by Royal Charter in 1828, *'For the General Advancement of 
Mechanical Science." 

Members of every branch of En^nneering, except Military Engineering, are, if 
properly trained and qualified, eligible to enter the Institntion, and its influence 
is shown by the fact that on the Ist January last it consisted of: — 

Honorary Members 17 

Members 2,029 

Associate Members 4,007 

Associates 300 

Students 974 

Making a total of . . 7,827 

This influence has been recognised to be of public advantage by subsequent 
Royal Charters, which were granted to the Institution in 1887 and 1896, 
enlarging the scope of its work ond responsibilities, and by the recent appoint- 
ment by the Crown of Sir John Wolfe Barry, E.C.B., representing the Institution, 
upon the Senate of the London University. 

In addition to its periodical meetings and discussions, its lectures and its 
publications (now amounting to 142 volumes), the Institution tests by examina- 
tion the general education and special scientific attainments and investigates 
the personal qualifications of those who seek admission to its ranks. The result 
of this scrutiny and care and of the supervision exercised by the Council has 
been that in every quarter of the world membership of the Institution of Civil 
Engineers is accepted as a guarantee of professional competence and of integrity. 

Where every branch of civilian Engineering is included, it need hardly be 
stated specially that Engineers engaged in mining and metallurgical operations 
are strongly represented. This branch of the profession is represented on the 
Council of the Institution ; and as an illustration of the position occupied by it 
in the various mining districts of the world, it may be mentioned that in South 
Africa alone there were lately no fewer than 239 members of this Institution, 
the large majority of whom were concerned with Mining Engineering. 

There are in the United Kingdom Engineering societies of high reputation 
and established position, whose members are particularly concerned with some 
epecial branch of Civil Engineering. These societies, such as the Institution of 
Mechanical Engineers, the Institution of Electrical Engineers and others, 
consist to a considerable extent of members of the Institution of Civil Engineers, 
who thus secure the status of attachment to a central Institution representing 
the Engineering profession generally, and also the benefit of belonging to bodies 
more particularly concerned with the branches of work in which they are 
respectively interested ; but in order that the central Institution may retain the 
influence which has enabled it to promote the attainment of the present position 
occupied by Engineers, it is submitted that the distinction of incorporation by 
Royal Charter should continue to attach to it alone so far as the Engineering 
profession is concerned. 

For this reason the Council of the Institution of Civil Engineers beg leave to 
protest — as they have done under similar circumstances on several previous 
occasions — that it would not be to the public advantage that a Royal Charter of 
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1901. The eleotions were 3 Honorary Members, 25 Members, 
166 Associate Members and 5 Associates; and the names of 
2 Members and 5 Associate Members were restored to the register 
— making a total addition of 206. Owing to death, resignation 
and erasure, 182 names disappeared from the list. The nnmber 
on the Boll, ezclusive of Students, on the 3 1st March, 1901, was 
6,376, as against 6,352 on the corresponding date of last year. 

Among the deceases recorded are those of H.S.H. the Doke of 
Saze-Coburg-Gotha and Dr. William Pole, Honorary Members, 
and a distinguished Past-President, Lord Armstrong. 

Among resignations of Associates appear the names of Lord 
Alverstone and Sir William Chandler Roberts-Austen, who 
resigned upon their npmination for election as Honorary Members, 
and that of Professor Kernot, who has since been elected a 
Member. 

The full list of deceases is as follows : — 

Honorary Memben. — H.B.H. Alfred, Duke of Saxe-Goburg-Gotha, K.G. ; and 
Dr. WUliam Pole. F.R.S. 

Merhber$. — Lord ArmstroDg, C.B., LL.D. {Cantab.% D.C.L. (Oxon and 
Durham), M.A.I. {Dvbl), F.R.S., PaMt-President ; ProfesBor George Frederick 
Armstrong, M.A. {Cantab.); Henry Bancroft; Charles Edwin Brown; William 
Dnflf Brace ; George Brunton ; Alfred Davidson ; George Workman Dickson, 
B.A. {DubL); Charles de Neuville Forman; James Bichardson Forman; 
George Baker Forster, M.A. (Cantab.); William Gill; John Yiret Gooch; 
George Clementson Greenwell ; Biohard Hack ; Henry Edmunds Haddon ; 
Harry Pasley Higginson ; Robert Jacomb-Hood ; Henry Law ; Alexander 
Luders Light; William Lindley; Thomas David Little, CLE. ; Francis 
Blayney Maclaran ; Francis William Martin ; Andrew Morton ; Edmund 
Olander; Augustus Tichborae Pcntland, M.A. (Dubl.); Edward Pritchard; 
Richard Proctor-Sims; Professor Callcott Reilly; Robert Andrew Robertson; 
Richard Bamsley Sanders, KE. (Boyal); Charles Sells; Hamilton Smith; 
James William Smith; Henry Francis Sneyd-Kynnersley ; William Kitson 
Stent ; Charles Stone ; John Strapp ; Charles Tylden- Wright ; Pliilip Billingsley 
Walker; Rienzi Giesman Walton; Lawrence Fletcher White; James Wilson 
(1888); William John Wilson, F.C.H. ; Robert Wingate ; and Matthew 
Woodificld. 

Associate Members. — Eliseo Auzorona ; Arthur Barclay ; John Hopwood 
Blake; Edward Henry Bold; Arthur Kaye Brown; Thomas Edward Candler ; 
James Husband Carvosso ; Thomas Buruside Crowthor ; Frederick Davis ; 
Mark Edward Drury ; Herbert Henry Grahume Dunlop ; Arthur Montefioro 
Wire Easten; Robert Thomas Greer, B.E., LL.B. (Royal); Charles Edward 
Grove ; Charles Hall ; Gerald Maitland Heriot ; John Cartmel Holme ; Charles 
Frederick Hughes-Hallett, M.A. (Cantab.) ; Richard Carruthers Ivy ; Walter 
Jenkins ; William Henry Coryton Kempe ; James Lovegrove ; William MacLeod 
Mackinnon ; Henry Cripps Matheson ; Hugh McPhereon Mitchell ; Thomas 
Nuttall ; Robert Stewart Oliver ; Thomas Ellis Owen ; Manuel Hipolito Peiia ; 
Charles George Washington Phillips ; John Porter ; William Sancroft Randall ; 
William Warren Smith ; Frederick William Stevens, CLE. ; Alexander 
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Student olass. Of the 166 oandidates elected to the Associate 
Member class during the twelve months under review, ezactlj 
one-half were, or had been formerly, Students. On the 8 1st March 
the total number of Students was 971. A large majority of the 
candidates for admission now hold degrees or certificates which 
are recognised by the Council as affording evidence of satisfactory 
general education ; but a considerable number continue to avail 
themselves of the Institution Examination in order to obtain 
qualification. The number thus passed during the Session was 63. 

Finance. 

The Statement of Accounts for the Financial year ending the 
Slst March, 1901, duly audited, will be found at p. 136. 

The receipts on Income account amounted to £23,036 Ss, 2d.^ 
which compares with £22,735 U. Sd. last year; on Capital 
account (admission fees and life compositions) £2,155 ISs, ; and 
from Trust Funds £464 3«. 7d. : making a total of £25,655 19«. 9d. 
The several items received on Income account were : subscriptions 
£19,168 3«., dividends £1,759 ISs. 9(2., rents £985 4<., examination 
fees £430 lOa.; and repayment of binding charge and miscel- 
laneous items, £692 7«. 5(2. 

The expenditure on Income account amounted to £21,459 
15«. 11(2., against £21,465 17«. 2(2. last year; and the sum 
chargeable to Trust Funds was £357 Is. 8(2., while on Capital 
account the sum of £8,085 2«. was invested in Manchester Corpora- 
tion 3 per cent. Stock and London County 3 per cent. Consolidated 
Stock. 

The investments on Institution account now amount to 
£61,600 (nominal value), purchased for £62,969 7«. 8(2., and the 
funds held in trust to £17,144 0«. 9(2. (par value). 

Sessions and Meetings. 

During the Session twenty ordinary meetings only were held, 
those announced for the 22nd and 29th January having been 
abandoned in consequence of the death of the Sovereign. The 
first meeting was occupied by the President's inaugural address. 
At the remaining meetings fourteen Papers were read, namely — 
" The Metropolitan Terminus of the Great Central Railway," by 
Messrs. G. A. Hobson and E. Wragge ; " Machinery for the Manu- 
facture of Smokeless Powder," by Mr. 0. Guttmann ; " The Sig- 
nalling on the Waterloo and City Railway," and a "Note on 
the Signalling of Outlying SidiDg-Conneotions," by Mr. A. W. 
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The oommnnications seleoted for pnblioation in the Minutes of 
Prooeedings without being read have ranged over a very wide 
field, and are too numerous for individual mention in this Beport. 
The task of appraising their merit, as a preliminaiy to the 
premiation of the best of them, will engage the Counoil's attention 
during the recess, and the awards will be intimated in the 
autumn. The formal presentation of medals and premiums will 
take p]aoe as usual at the first meeting of the ensuing session. 

Students' Meetings and Visits to Works. 

Nine Students' meetings were arranged for, but one of these 
was abandoned in consequence of the Queen's death. At that 
held on the 11th January, Mr. WilMd Airy, B.A., M. Inst. C.K, 
delivered a valuable address on ** Geodesy," a copy of which has 
since been supplied to every student on the list. At the remaining 
meetings Papers have been read and fairly discussed, and eight 
ordinary visits have been made to Engineering works ; but neither 
in respect of the meetings nor of the visits has the interest 
exhibited by the Students been quite what might be expected, 
having regard to the number residing in or near London. 

The following Table shows the average attendance at meetings 
and visits to works for the past three Sessions : — 

Table or Avebaob Attsndanoi. 




Twelve Students' Papers have been read before meetings of the 
local associations, ten of which have been entered in competition 
for the Miller Prizes. 

A special series of Students* visits in and near London has been 
arranged, by the kindness of several Members, for the 2nd and 
3rd May, on the latter of which days the Students* Twenty- sixth 
Annual Dinner is to be held. 



The "James Forrest" Lecture. 

The ninth "James Forrest" lecture was delivered on the 

26th April by Professor Frank Clowes, D.Sc, whose treatment of 

the subject " Chemistry in its relations to engineering ** formed a 

valuable addition to the series of addresses inaugurated by that 

iam Anderson in 1893. 
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Douglas Fox, was enabled to entertain its Amerioan g^nests on the 
5th July at the Guildhall ; and on the following day the visit paid 
to Warwick Castle and to Stratford-on-Avon was rendered memor- 
able by the kindness and attention shown to the party by the 
Earl and Gonntess of Warwick. 

That our Amerioan visitors appreciated the efforts made to give 
them a hearty welcome, it is unnecessary to say ; but the members 
of the Institution may be gratified to read the warm terms in 
which the American Societies of Civil and Mechanical Engineers 
have expressed that appreciation in their official addresses since 
received here, copies of which are appended : — 

To the Pretident, Poit-PrendenU, Viee-PrendenU, Counetl and Memhen of 

Zl)t iEnstttutton of 6tbtl EnjQfinrcnt. 

Thb Board of Direction of the Ambbican Society or Cthl EMOiVKnts, 
acting in behalf of the Society as a body, and of its individual members, hereby 
tenders hearty thanks for the many coortesies received in connection with the 
Thirty-second Annual Convention of the Society. 

Your cordial invitation to visit Ix)ndon, in a more or less orgnnixed body, 
during 1900, was accepted in the belief that a material and lasting benefit would 
be derived from the holding of a meeting of Engineers which would be inter- 
national in character. 

The meeting of this Society, held in the home of the parent Engineering 
Association of the World, brought together, for the exchange of professional 
views, a large number of Engineers, comprising representatives from nine widely 
separated nations, and it is believed that the interest manifested, and the result- 
ing technical discussions, fully justified the inaugaration of such International 
Meetings. 

Apart from the professional feature, the graceful and magnificent entertain- 
ments and excuniions, arranged in behalf of American Engineers, are highly 
appreciated by our members, individually and collectively ; the more so from a 
realising sense that such a reception could have been carried out only by an 
Institution whose standing and position before the public are established beyond 
question. 

While, therefore, our thanks are due primarily to the Institution, we desire to 
record our profound appreciation of the high honour conferred upon the pro- 
fession in America by Her Gracious Majesty Queen Victoria in receiving its 
representatives at her Castle at Windsor. We also wish to acknowledge the 
charming hospitality of the Earl and Countess of Warwick, and the kindness of 
the Lord Mayor, Aldermen and Common Council of the City of London in 
tendering their ancient Guildhall for the occasion. 

We finally desire to express the hope that a similar meeting may be held in 
America at no distant day, and that the Engineers of Greiit Britain may derive 
therefrom some measure at least of the profit and pleasure which in this instance 
has accrued to their American Brethren. 

Seal op the (Signed) John F. Wallace, 

American Society of President. 

Civil Engineers. (Signed) Chas. Warren Hunt, 

Secretary, 
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ABSTBACT of BECEIPTS omA BXPENDITUBE 

BEGEIPTa 
Dr. £. t. d. £. f. <f. 

To Balance, 1 April, 1900, yix. :— 

OnDeporit 6,000 

Oath in the handa of the Treasnrer . . . 4,718 7 10 
•» n 9$ Secretary ... 2 15 7 

10,721 8 5 

Imcoiul 

— SnbMsriptiona receiyed : — £. a d. 

Arrears, prior to 1 January, 1900 ; 890 12 
For the year 1900 .... 4,760 9 
For the year 1901 . . . .14,01117 

Adyanoe 5 5 

19,168 8 

— Minutes of Proceedings: — ^Be-\ m^* «» ^ 

payment for BindingTSo. ../•••• oi* lo u 

— Library Fond 8886 

— Dividends : 1 year on 

InttUuHon Dividends, 
£ 
2,000 2|% Consols ... 52 9 7 

6,000 MetropoUtan 8|% Stock 200 7 6 

6,000 Great Eastern Bailway\ ^oo n a 
4% Debenture Stock./ ^^^ " " 

«'°~ ^S:LSrSo5f: *%} 805 6 8 

8,000 Lanes. A Yorks. By. 3%\ ooo n a 
Debenture Stock . ./ ^^ ^ ^ 

6,000 London & N.W. By. 3%\ ,,,, ,« ^ 
Debenture Stock . '7/ ^^^ ^^ ^ 

9,600 Midland By. 2}% DeO ^^ ^ 

benture Stock . . / ^ 

New Purehaiei, 

4,000 Manchester Corporation 1 ^^m n a 
8%8tock . V . ./ "* 

4,000 London County S^/\ a a a 

Stock ....'?/ 000 

1,759 18 9 

£61,600 Nominal or par value. 



— Bents— No. 27 Great George St ... . 985 4 

— Examination Fees 480 10 

— Interest on Deposit 94 8 1 1 

23,086 3 2 

Carried forward £88,757 6 7 
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frtm Ae Ifirr APRIL, 1900, io the 30th MABOH, 1901. 

EXPEXDITUBE. 

Or, Geniral Exfinditubb. 

By House and Establuhment Charges : — £. «. d. £, $, d. £. t. d. 

Bepain:^ General 53 1 7 

Bent of No. 27 Great George Street .... 600 

BAtes and Taxes :~The Institution 980 16 8 

No. 27 Gt George St. 181 8 4 

1,162 5 

Insnraaoe : — The Institution • . 84 8 
No. 27 Gt George St 3 8 

87 16 

Fixtures and Furniture, Glazing\ ito i i 

Pictures / ' * ' ^^-^ ^ * 

Lighting, Warminfl; and Ventilating : — 

The mtitution . . 290 18 10 
No. 27 Gt George St 11 5 9 

801 19 7 

Charges for Water (including lifts), \ mn it a 

Bent of Telephone, &c. . . ./ ^^^ ^^ " 
Charges for Water, No. 27 Gt.i iq /. a 
G«>rge8t 1 ^il_? 1J9 3 ^ 

Befreshments at Meetings 95 8 5 

Assistance at Meetings 29 17 

Students' Meetings (including refreshments), \ ooq iq ia 

Donation to Annual Dinner, and Visits . .{ ^^^ ^^ ^" 

Household Expenses 441 10 10 

8,292 2 4 

— Postages, Telegrams, and Parcels 442 8 3 

~ Stationery and Printing 967 2 2 

^ Watt Medids 276 

— Stephenson Medals 4 15 

— Joule Medal (Inscription) 18 6 

^ Diplomas 24 11 3 

— Annual Dinner (balance 1900) 264 

— BeoepUon at Guildhall 1,401 1 4 

3,106 19 

— Salaries 2,675 

— Clerks, Messengers, and Housekeeper .... 1,538 6 4 

— Betiiing Allowances and Donations .... 1,269 

5,482 6 4 

— Library:— Books and Periodicals 288 14 7 

Binding 251 9 3 

540 3 10 

— Publications: — 

''Minutes of Proceedings," Vols, cxl., cxli.,1 « og^ ,« g 

cxliL and cxliii / '»°"* 

Charters, By-Laws, and Lists of Members . . 844 6 1 

8,209 4 10 

Carried forward . . £20,630 IG 4 
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ABSTEACT of BECEIPT8 and, EXPENDITUKB 



Ih. 



BEGEIPTS— ixmiifiifMi 



Brought forward 



SS,767 6 7 



Oafital. 



To Admiadon-Feea • , 
— Life-Gompodtioiui |, 



£. f. fif. 

2,050 18 

105 



2,155 18 



Carried forward 



£35,912 19 7 
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fnm ike Isr APBIL, 1900, to the 30th MABCH, 1901. 

EXPENDITUBE— 0(m<^ntfMi 
O. £. i. d. 

Broaght f orwaid 20,630 16 4 

Bj Piofeflrional Auditor's Fee 105 

— Legal EzpenieB (General) 27 18 6 

— Expemes of Delegates to Society of Ciril Engi- 

neers, France 44 18 8 

— Expenses of Delegate to Paris Kayigation 

Congress 26 13 

— Oommittee on Tabulating Besnlts of Steam- 

Engine and Boiler Trials 51 11 6 

— Examinations 562 8 4 

— Dimation to Westminster Hospital .... 10 10 

828 19 7 

21,459 15 11 



Gapital. 

£ §. d. 

— Pnrchase of £4,000 Manchester Oorporation 

8% Stock .... 4,085 1 

— Ditto £4,000 London County 8% Con- 

solidated Stock . . 4,000 1 

8,000 Total nominal or par value. 



8,085 2 



Carried forward . . £29,544 17 11 
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ABSTBACT of BECEIPTS ami BXPBNDITUBE 

BECEIPT8— oonImiimL 
Dr. £.«.<!. 

Brought forwaxd 85,912 19 7 

Tbuit Fuhm. 

Tel/brt2 And. £. c d £. a. <L 
To Dividends: — 1 jear on 

5,i89 11 2)% Goniols .... 142 14 10 

8,299 2 Ditto (Unexpended^ 86 11 8 

— ^■^— ^ Diyidends) . . ■•/ ooq a i 

£8,788 18 aK» b 1 

3faii&|f I>(mafiofi. 

£250 Oxeat fiastern By. 4%] 

Irredeemable Onaran->. • • • 9 10 10 

— '^— ^ teed Btock . . • . 

JfOZer JWnd. 

8,125 2|%Coniol8. ... 811910 

2,004 17 5 Ditto fUnexpended \ 52 12 8 

^^— ^-^— - DiTidenoB). • • ./ m^^ «q « 

£5,129 17 5 *** " * 

'Hwoard. Btqyi^uL 
£551 14 6 21 % Goniola 14 9 7 

TrtnUkiiSkUmMriaX, 
£108 2| % CkmaolB 2 18 11 

Oraniptofi Btt^a/ttL 
£512 15 11 2|% Consolfl 18 9 2 

Jamu Forrett Lecture and Medal Fund. 

372 Sonth-EaBtem By. 55^ De-\ i»7 w it 

bentnre Stock . . ./ ^^ " " 

Palmer Sehoianhip. 

1,381 1 6 Metropolitan 8% Stock . 39 7 4 
104 18 5 Ditto (Unexpended^ o iq e 

Dividends) . . ./ ao 7 n 

^^■t85 1« " JULf 464 3 7 

£86,877 3 2 
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fnm ike Isr APBIL, 1900, io (ke 80th MABCH, 1901. 



Or. 



EXPENDITUB 



Brought forwaid 



29,544 17 11 



By Telford Premiumi 
— Telford MedalB . 



Tbust Funds. 

£. i. d 

. . 189 9 8 

. • . 12 



Miller Priiet 

Grampton Prize 

James Forrest "Lecture (eighth) 15 4 7 
James Forrest Medal • . . . 2 15 



«« 



Palmer Soholarship— 
9 months' dividend to Scholar 



£. t. d. 

201 9 8 

98 15 10 

12 



17 19 7 
82 2 7 



857 7 8 



Balance, 80 March, 1901, yiz. :— 

On Deposit 

Cssh in the hands of the Treasuier 

H Seoetary 



29,902 5 7 



fi 



5,500 

957 12 11 

17 4 8 



6,474 17 7 



/ 



/ 



/ 



/ 



/ 



£36,377 3 2 



J. H. T. Tudsbsbt, SeereUury. 
17 JprO, 1901. 

Examined with the Books and Securities and found correct 



(Signed) John G. Gbiffiths, F.O.A.^ j,^^/^- 
/i., lioss* \ 
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STATEMENT OF INVESTMENTS HELD 80 MARCH, 1901. 

InmruTKni Li vufrmRn. 
£ £. c d. £. c <2. 

2,000 2(%CoiiaoU Oott 1,967 19 1 

4,000 Manohetter Corporation 3% Stock • „ 4,085 1 

6,000 Metropolitan 8}% Stock 6,517 15 

6,000 Oreat Eastern BaUway 4% Deben.\ 17*7^010 n 

tore Stock / »» ^'^*® ** ^ 

8,000 Great Northern Bailway 8% Deben-\ n oao ^a a. 
tore Stock. ....../»» 7,64216 4 

8,000 Great Weatem Bailway 4% Deben-\ m r^t r a 
toreStock. . ... . ./ »• 1<>»«*7 5 

8,000 Lancashire and Torkahire Bailway\ ,, .*o ia q 
8% Debenture Stock ..../" 7,45214 8 

4,000 London Coonty 8% Stock 4,000 1 

6,000 London and North Western Bail-\ • f^^. .^ • 

way 8% Debenture Stock • ./ " 5,544 18 5 

9,600 Midland Bailway 2}% Debenture^ 7 480 18 11 
61,600 62,969 7 8 

Freehold of Institution Premises and New Building : — 
Cost, including buildings now remoyed . .. 124,879 10 

Note.— No yalue has been attached, for 
the purpose of this statement, to the 
Books, Furniture, Fittings, Pictures, &&, 
in the Institution Building nor to the 
lease of No. 27 Great George Street 

Tbubt Funds iNTisTMaMTs. 

£. ,. d. Td/ardFuful 

1,945 19 2|% Consols— Acquired with a bequest of . . 2,000 

8,479 12 9 do. Converted from Government Stocks\ i>^„^^ 

bequeathed / ^J^q'*®"- 

18 19 8 da Purchased with bonus on conver-^ 13 11 s 

-^— ^— sioncost / 

5,489 11 

8,299 2 do. Purchased with unexpended divi-\ q f^oA 10 1 

dends / ^»"^ *^ ^ 

8,738 13 

Manhy Donation, 

250 Great Eastern Bailway 4% Irredeemable Gua-| Donation 
ran teed Stock / 

MUler Fund. 

3,125 2}% Consols— Acquired with a bequest of . . 8,000 

2,004 17 5 do. Purchased with unexpended divi-l , q^q 9 4 

dends ....,,,,/ * 

5,129 17 5 
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Tbuit Fuhds JjtrrEnuxtm—^onHnued, 

£, $, d, Howard BequetL £. $, d, 

551 14 6 21% GonaolB— Aoquired with a bequest of . . 500 



TretfUhkk Memorial 
108 2}% Ooiuols^Aoqiiiied with a presentation of • 100 9 

CrampUm BequetL 
512 15 11 2}% Gonsolft— Acquired with a bequest of • . 500 

Jame$ Forrest Leeture and Medal Fund, 

820 South Eastern Railway 5% Debenture Stockl ..^ ^ ^ 

acquired with a subscription of / 

52 Ditto acquired with a subscription of £93 14«. M\ oi i^ a. 

and 19i. 4(J. cash / »* " O 

872 

PaJmer Scholarship. 

1 ,881 1 6 Metropolitan 8% Stock bequeathed .... Bequest 

104 18 5 Ditto purchased with unexpended dividends . . 122 6 S 

1,485 19 11 
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MEDALS AND PREMIUMS AWARDED FOR THE SESSION 
1899-1900, PRESENTED ON THE 6th NOVEMBER, 1900. 



For Papebs Read and Discussed at the Ordinabt Meetinqs. 

1. A George Stephenson Medal and a Telford Preminm to Sir 

Isaao Lowthian Bell,^ Bart, LL.D., F.R.S.. M. Inst. C.E., 
for his Paper on "The Development of the Mannfactore 
and Use of Rails in Great Britain." 

2. Telford Medals and Telford Preminms to Harley Hugh 

Dalrymple-Hay,' M. Inst. C.E., for his Paper on "The 
Waterloo and City Railway," and to Bernard Maxwell 
Jenkin, Assoc. M. Inst G.E., for his Paper on "The 
Electrical Equipment of the Waterloo and City Railway." 

3. Telford Medals and Telford Preminms to Frederick William 

Bidder, M. Inst. C.E., for his description of " The Great 
Central Railway Extension : Northern Diyision," and to 
Francis Douglas Fox, M.A., Assoc. M. Inst C.E., for his 
description of " The Great Central Railway : Southern 
Division." 

4. A Watt Medal and a Telford Premium to John Dewrance,^ 

M. Inst. C.E., for his Paper on " The Corrosion of Marine 

Boilers." 
o. A Crampton Prize to Sir Charles Augustus Hartley,* K.C.M.G., 

M. Inst. C.E., for his Paper entitled : — " A Short History of 

the Engineering Works of the Suez Canal." 
<5. Telford Premiums to Charles Newton Russell, Assoc. M. Inst. 

C.E., for his Paper on " Combined Refuse-Destructors and 

Power-Plants," and to Reginald Arthur Tatton, M. Inst. 

C.E., for his Paper on " The Purification of Water after its 

Use in Manufactories." 



' Has previously received a Howard Quinquennial Prize. 

* Haa previously received a Miller Prize. 

* Has previously received a Telford Premium. 

* Has previously received Telford, Watt, and Qeorge Stephenson Medals, 
Telford and Manby Premiums, and a Crampton Prize. 
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Fob Papkbs Bead beforb local Assooations of Studkhts. 

4. The ** James Presoott Jonle " Medal and a Miller Prize to 

Jonah Walker Smith, Stnd. Inst C.K (Birmingham), for his 
Paper on the " Sewerage and Sewage-disposal of Bnrton-on- 
Trent" 

5. A Miller Prize to Andrew Home Morton, Stnd. Inst. G.E., 

(Glasgow) for his *' Notes on the Laying Down of a small 
Works for the Production of Wrought Iron." 



148 8UBJX0IB lOB PAPIB8. [liiAatetof 

11. The design and oonstmotion of Bailway Carriage having 

reference to (a) lavatory aooommodation ; (6) provision for 
refreshments ; (c) sleeping aooommodation. 

12. Standard and Metre-gauge rolling-stook on Indian railways, 

having reference to their relative capacity for (a) ordinary 
traffic; (h) Military transport and the carriage of heavy 
gnns. 

13. Street Bail ways, having reference to different systems of 

traction, viz., (a) steam; (b) cable conduit; (c) electric 
trolley; {d) electric rail contact; (e) electric conduit; 
(/) electric storage battery. 

WaTEBWATS and MARFTDfE WORKS. 

14. The most economical Methods of Handling large masses of 

Excavation, as exemplified in modem canal construction. 

15. The Measures necessary for the improvement of Oanal Navi- 

gations. 

16. The Dredging of Bars and Channels. 

17. The Methods adopted in carrying out large Dock and Harbour 

Works, with descriptions of the Plant employed. 

18. The Appliances for Dredging and for Bemoving Book in deep 

water, with details of the time occupied in the various 
operations. 

Machikert. 

19. The Design and Construction of large Turbines. 

20. The Forms of Turbine most suitable for Small Falls. 

21. The most suitable Steam-power Equipments, and the size of 

units, for Electric-light stations. 

22. The utilization of Wind-power. 

23. The utilization of Wave- and Tide-power. 

24. Modern Methods of Pumping compared with regard to cost 

and efficiency. 

25. The Application of Compressed Air, Steam and Hydraulic 

power to Rock-drills and to other tools. 

26. The Application of Steam-, Compressed-Air, Oil- and Gas- 

Engines to tractive purposes on common roads and on 
tramways. 

27. The Theory and Development of the Compound Steam-Turbine. 

28. The Strength of Steel Shafts, Tubes and Cylinders. 

29. The most suitable Alloys for the Working Parts of Pumps foy 

lifting Corrosive Liquids from mines, etc 
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50. The Oooorrenoe, ProdaoUon and Uses of (a) Asbestos, (b) 

Arsenio, and (c) Merooiy. 

51. The design, oonstmotion, ereotion and working of Modem 

Stamp Mills. 

52. The Machines for Baising Mineral Tailings, as lifting-wheels, 

pumps, dredgers, eto. 

53. Brine-pnmping and the Mann£EM)tare of Oommon Salt. 

54. Bessemer Gonyerters and Beverberatory Fumaoes. 

55. The Manufacture and Use of Steel for Electro-magnetic Fur- 

poses. 

56. The Manufacture of Steel for Structural Purposes. 

57. Beoent improvements in the Manu&cture of Armour-Plates. 

58. The Extraction of Metals from their Ores by electrolytic 

processes. 

59. Argentiferous Lead Smelting in Water-jacketed Blast-fur- 

naces. 

60. The Metallurgy of Chromium, Molybdenum and other rare 

metals, and their use in the Manufacture of Steel. 

61. The Durability of Wrought-Iron and Steel Structures exposed 

to fresh, salt and brackish water. 

62. Protection of Metallic Structures by paint and other 

substances. 

Shipbuildinq. 

63. The Use of Steel of great tensile strength in Ships. 

64. The present Limits of Speed at Sea. 

65. The Belatiye Advantages of Single Screws, of Twin Screvns, 

and of Triple Screws in large vessels. 

66. The best position for Torpedo-Discharging Tubes on large 

vessels, with a fixed direction, or trainable. 



Waterworks, Sewerage and Gasworks. 

67. The Use of Steel in the Construction of large Tanks. 

68. The Employment of Storage-Beservoirs in Irrigation and in 

the Conservation of Bivers. 

69. The Purification of Sewage by biological and chemical 

agencies. 

70. The Production and Enrichment of Water-Qas. 

71. The methods of Conveying and of Using Natural Gas. 

72. The Use and Durability of Cast-iron Pipes and of other struo* 

tures in contact with various soils. 
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Excerpt Bt-Laws, Abticlb 8, Section XY. 

«< Every Paper, Map, Flan, Drawing, or Model, presented to the 
Institution shall be considered the property thereof, unless there 
shall have been some previous arrangement to the contrary, and 
the Conncil may publish the same in any way and at any time 
they may think proper. But should the Council refuse or delay 
the publication of such Paper beyond a reasonable time, the Author 
thereof shall have a right to copy the same, and to publish it as 
he may think fit, having previously given notice, in writing, to 
the Secretary of his intention. Except as hereinbefore provided, 
no person shall publish, or give his consent for the publication of 
any communication presented and belonging to the Institution, 
without the previous consent of the Council." 



Notice. 

It has frequently occurred that in Papers which have been con- 
sidered deserving of being read and published, and have even 
had Premiums awarded to them, the Authors have advanced 
somewhat doubtful theories, or have arrived at conclusions 
at variance with received opinions. The Council would there- 
fore emphatically repeat that the Institution as a body must 
not be considered responsible either for the statements made, or 
for the opinions expressed in the Papers or in the consequent 
Discussions ; and it must be understood that such Papers may 
have Medals and Premiums awarded to them, on account of the 
Science, Talent, or Industry displayed in the consideration of the 
subject, and for the good which may be expected to result from 
the inquiry; but that such notice, or award, must not be 
regarded as an expression of opinion, on the part of the Insti- 
tution, of the correctness of any of the views entertcdned by the 
Authors of the Papers. 
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AUTHORS. 

Fletcher, J. B. No. 3,263. — Standard Load-gauges on Bailways. 
With 2 Tables and an Abstract. (Vol. cxliv.) 

Garforth, W. E. No. 3,288.— The Application of Coal-cutting 
Machines to Deep Mining. With 3 Drawings and 20 
Photographs. 

Gertner, A. W. No. 3,291. — Super-elevation of Outer Bail, or 
Cant, on Railway Curves. With 5 Drawings. 

Godfrey, F. W. No. 3,238.— South Australian Bailways ; Eeoon- 
structing Stations on the North Line. With 1 Tracing. 

Graham, J. No. 3,285.— Bridge Work. 

Harvey, H. No. 3,255.— The Gold and Silver Ores of the State of 
Oaxaca, Mexico. 

Hearn, G. B. No. 3,282. — Bailway Surveying on the Pipli 
Gh&t. With an Abstract, 4 Drawings, 1 Table, 9 Photo- 
graphs and an Appendix. 

Hearson, T. A. No. 3,269.— A Comparison of the Flow of Water 
in a Biver with that in a Small-scale Model of the Biver. 
With an Abstract. (Vol. cxlvi.) 

Hobson, G. A. and Wragge, E. No. 3,249.— The Metropolitan 
Terminus of the Great Central Bailway. With 20 
Drawings. (Vol. cxliii.) 

Husband, J. No. 3,268.— The ^Esthetic Treatment of Bridge 
Structures. With an Abstract and 10 Drawings. 
(Vol. cxlv.) 

Johnston, H. J. No. 3,256. — Description of the Jhelum Canal 
Head works on the Biver Jhelum, 21 miles downstream 
of Jhelum City. With 3 Drawings and 6 Photo- 
graphs. 

Jones, H. E. No. 3,289. — Modern Practice in the Manufacture 
and Distribution of Gas. (Vol. cxlvi.) 

Jordan, W. L. No. 3,284.— On the Board of Trade Beport on 
Steel Bails. 

Leigh, F. J. No. 3,295. — American Passenger-Locomotives. With 
an Abstract and 1 Drawing. (Vol. cxlvi.) 

Manton, A. W. No. 3,261. — Some Notes on Shield-driven 
Tunnelling in London Clay. With an Abstract, 4 Appen- 
dixes, 34 Drawings, 22 Photographs, and 6 Lantern- 
slides. 

Martin-Leake, S. No. 3,275. — The Boopnarain Bridge, Bengal- 
Nagpur Bailway. With 3 Drawings and a Photograph. 

Maughan, N. No. 3,276.— The Main Drainage of Woking. With 
3 Drawings. (Vol. cxliv.) 
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AUTHOBS. 

Vemon-Haroonrt, L. P. No. 3,264.— The Paris Navigation Con- 
gress of 1900. Beoent Works on the Lower Seine; 
Ebrbonr Works at Havre and at Zeebmgge, and Improve- 
ments effected by the French Lighthouse Service. With 
8 Drawings. (Vol. oxlv.) 

Watson, W. 8. No. 3,245.— Earthwork Quantities. With 1 
Tracing. 

Wawn, C. No. 3,244. — ^Bridge over the Biver Llyfni at Nantlle. 
With 1 Drawing and 1 Photograph. 

Williams, C. J. B. No. 3,247.— On some Effects of Land Floods 
in a Tidal Biver. With an Abstract and 8 Tracings. 
(Vol. cxlv.) 

Wilson, A. F. No. 3,274.— Aldershot Water Supply. With an 
Abstract and 7 Drawings. 

Woore, J. M. 8. No. 3,277. — Note on the Deflection of a Beam 
with overhanging ends. With 1 Drawing. (VoL cxlvL) 
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Association of Engineering 

Societies, U.S.A. 
Astronomer BoyaL 
*• Athenaeum, The." 
*« Autocar, The." 
Automobile Club. 
" Automotor, The." 



B. 

Baillairg6, C. 

Baker, I. 0. 

Barnaby, S. W. 

Barry, A. J. 

Barry, Sir J. Wolfe. 

Bashforth, F. 

Baudry, C. 

Bauerman, H. 

Beazeley, A. 

Bell, H. 

Bertin, L. E. 

Biles, J. n. 

Birmingham University. 

Blount, B. 

Board of Education. 

Board of Harbor and Land 
Commissioners, Boston, U.S.A. 

Board of Trade. 

Bombay Port Trust. 

Bombay University. 

Boot, H. L. P. 

" Boring and Drilling." 

Boston (U.S.A.) Transit Com- 
mission. 

Bovey, H. T. 

Brackenbury, C. E. 

Bradford Public Free Libraries. 

•* Brazilian Review, The." 

" British Architect." 

British Association for the 
Advancement of Science. 

British Association of Water- 
works Engineers. 



British Fire Prevention Com- 
mittee. 
" British Befngeration." 
Broadriok, G. 
Brough, B. H. 
Brown, Arthur. 
Brunei, H. M. 
" Builder." 
Buchanan, G. C. 
Burge, C. 0. 
Butler, M. J. 
Butterton, the late W. 



O. 



Calcutta University, 

California University. 

Cambridge Philosophioal So- 
ciety. 

Camera Club. 

Canadian Government. 

Canadian Institute. 

Canadian Society of Civil Engi- 
neers. 

" Canal de Suez." 

Canterbury College, University 
of New Zealand. 

Carpenter, R. C. 

Carson, H. A. 

Castle, F. 

" Cassier's Magazine." 

Catt, G. W. 

Cay, W. D. 

" Centralblatt der Bauver- 
waltung." 

Centralbureau fur Meteorologie 
und Hydrographie im Gross- 
herzogthum Baden. 

Chamber of Mines, Victoria. 

Charnock, G. F. 

Chartered Institute of Patent 
Agents. 
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Donglaas, W. T. 
Daclout, J. 
Durham University. 



At 



 «« 



East India Assooiation. 
Edinburgh University. 
Eidgenossisohe polyteohnisohe 

Schule in Zurich. 
Eiffel, O. 

" Electrical Engineer, The." 
*« Electrical Review, The." 
" Electrician, The." 
" Electricity." 
Emigrants' Information Office. 

Engineer, The." 

Engineer and Iron Trades' 
Advertiser." 
" Engineering." 

** Engineering and Mining 
Journal." 

Engineering News." 

Engineering Record.' 

Engineering Times.' 
Engineers' Club of Philadelphia. 
Engineers' Society of Western 

Pennsylvania. 
English Arboricultural Society. 
Eraut, W. 
Essex, E. H. 
" Estates Gazette." 
Evans, Sir J. 
Evens, T. 



P. 

Eergusson, J. C. 
" Fielden's Magazine." 
Fieron, Captain, 
FitzGerald, D. 
Foster, C. Le N. 



cc 



(C 



C( 



l> 



tt 



Fowler, A. M. 
Franklin Institute. 
Fulham Public Libraries. 
Fuller, A. D. 



a. 

Galbraith, J. 

Galloway, W. 

Garwood, A. E. 

" G6nie Civil, Le." 

Geological Society of Austral- 
asia. 

Geological Society of London. 

Geological Survey Department 
of Canada. 

Geological Survey of India. 

Geological Survey of the United 
Kingdom. 

Geological Survey of Victoria. 

Geologists' Association. 

Gibbs, L. 

" Giomale del Genio Civile." 

Glasgow and West of Scotland 
Technical College. 

Glasgow University. 

Good, H. 

Government Astronomer^ Syd- 
ney. 

Government Statistician, Syd- 
ney. 

Graham, H. A. I. 

Graham, John. 

Greenwood, W. N. 

Grinlinton, F. H. 

Guttmann, 0. 

H. 

Hancock, H. L. 

" Hardware Trade Journal, 
The." 



16i 



LIBI OF D0N0B8 TO THB LIBBABT. 



[MliilitMor 



Eaiserliohe k6nigliohe teoh- 
niBohe Hoohsohule in Oraz. 

EaiserlioheB Pfektentamt. 

Keefer, T. 0. 

Kempe, H. B. 

Kennedy, J. 

Kennedy, N. 

Kemot, M. E. 

Kew Obseryatory. 

King's College, London. 

Konigliohe bayerische Akademie 
der Wissensohaften zu MUn- 
chen. 

Kdnigliohe Gesellschaft der 
Wissensohaften zn Qottingen. 

Konigliohe saohsisohe ieoh- 
nische Hoohsohule zu Dres- 
den. 

Kdnigliohe technisohe Hooh- 
sohule zu Aachen. 

Konigliohe teohnisohe Hooh- 
sohule zu Berlin. 

Konigliohe teohnisohe Hooh- 
sohule in Stuttgart. 

Koninklijk Instituut van In- 
genieurs. 

Kraus, J. 



L. 

Larard, C. E. 

Larminie, J. C. 

Lass, A. 

Latham, B. 

Leeds Free Public Libraries. 

Legislative Assembly of Vic- 
toria. 

Leicester Free Public Libraries. 

Light-House Board, Washing- 
ton, U.S.A. 

" Lightning." 

Lindley, W. H. 

Lisboa, A. 



Literary and Philosophioal So- 
ciety of LiverpooL 

" Literary News." 

Liverpool Engineering Society. 

Liverpool Observatory. 

Liverpool Public Libraries. 

*' Local Government Journal^ 
The." 

London Mathematical Soeiety. 

*' London Technical Education 
Gazette." 

Longridge, M. 

Louis, D. A. 

Lovegrove, E. J. 

Luiggi, L. 



M. 

McCullough, E. 

M'Donald, A. B. 

McGill College and TTniversityy 
Montreal. 

McLean, W. N. 

MacLeod, H. A. F. 

MoPherson, J. A. 

'* Machinery Market." 

Madras University. 

Maginnis, A. J. 

Magyar M^mok-^ £pit6ss. 

Mallet, A.. 

Manchester Association of En- 
gineers. 

Manchester Literary and Philo- 
sophical Society. 

Manchester Steam Users' Asso- 
ciation. 

Manitoba University. 

" Marine Engineer." 

" Mariner." 

Massachusetts Institute of 
Technology. 
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O. 



O'Callaghan, F. L. 

Oesierreiohisoher Ingenienr-imd 
Arohitekten-YereixL 

Ofioina Meteorol6gioa Argen- 
tina. 

Ordnanoe Committee. 

Otagawa, M. 

Owens College, Manohester. 



P. 

Pacohioni, A. 

'* Paper Maker." 

Parry, J. 

Parry, J. W. 

Parshall, H. F. 

Parsons, Hon. C. A. 

Patent Office. 

Peabody Institute. 

Peokitt, B. G. 

Pennsylvania Bailroad Com- 
pany. 

Permanent- Way Institution. 

Perrin, C. 

Perry, J. 

Pharmaceutical Society of Great 
Britain. 

Phillips, E. A. W. 

Phillips, B. 

" Phillips' Monthly Begister." 

Philosophical Society of Glas- 
gow. 

Pilkington, H. 

" Plumber and Decorator." 

" Politecnico, II." 

Polyteknisk Forening. 

Popplewell, W. C. 

Port Captain of Natal. 

Porter, B. C. 



«< 

«« 
cc 



^ Portfeoille ^oonomique de» 

Maohines." 
Poet, J. W. 
Poul la Cour, — . 
Ponroel, A. 

Praotioal Engineer.** 

Progressive Age." 

Pnsegl^ Teohniozny." 

Public Health Engineer." 
Public Works Department^ 

BengaL 
Publio Works Department, 

Bombay. 
Publio Works Department^ 

Madras. 
Public Works Department, 

Ottawa. 
Public Works Department, 

Simla. 
Public Works Ministry, Cairo. 
Puig de la Bellacasa y Sanchez, 

N. 
Pullen, W. W. F. 



Q- 



«« Quarry, The." 

Queen's College and University, 

Kingston, Canada. 
Queen's College, Belfast. 
Queen's College, Cork. 
Queensland Branch of the Boyal 

Geographical Society of .Aus^ 

tralasia. 
" Queen's Quarterly." 



R. 

Badcliffe Library, Oxford. 
Bailroad Commissioners 
Massachusetts. 



of 
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SooieU degli Ingegneri e degli 

Arohitetti in Torino. 
Society degli Ingegneri e degli 

Arohitetti ItalianL 
Sooi^te anonyme John Cookerill. 
Sooi^t^ d'Enoourageinent pour 

rindnBtrie nationale. 
Soci6t^ de rindnstrie min^rale 

de St. Etienne. 
Sooi^t^ des Ing^nieors oivils de 

Franoe. 
Soci^t^industriellede Mxdhoiise. 
Sooiete nationale des Ghemins 

de fer vicinauz, Brussels. 
Sooiete nationale des Soienoes 

naturelles et math^matiques 

de Cherbourg. 
Soci^t^ scientifique industrielle 

de Marseille. 
Sooi^t4 technique de Tlndustrie 

du Qaz en Franoe. 
Society of Arts. 
Society of Chemical Industry. 
Society of Engineers. 
South African Association of 

Engineers and Architects. 
South Afrioan Philosophical 
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The Chairman then introdaoed the leoturor, Dr. Frank Clowes, 
Chemical Adviser to the London County Council, who delivered 
the following lecture : — 

"Chemistry in its Belations to Engineering." 

By Professor Frank Clowes, D.Sc. Lond. 



Introductory. 

Knowing as much as an outsider may know of the invaluahle 
services which have been rendered to the Institution of Civil 
Engineers and to a great profession by the former Secretary, 
James Forrest, it is to me a source of gratification that I am 
placed in a position to contribute in any degree to the preserva- 
tion of the memory of these long-maintained and distinguished 
services. And I confess that this consideration added considerably 
to the pleasure which I felt in accepting the complimentary 
invitation of the Council of the Institution to deliver the Forrest 
memorial lectare for the present year. The success of an Associa- 
tion is always to a large extent dependent upon the character 
and work of its Secretary, and when that officer enters into his 
duties, not only with energy and zeal, but with enthusiasm and 
knowledge, the advantage resulting to the Association from his 
services cannot well be over-estimated. 

General Statement of Subject. 

I am invited to speak to-night of the relations to Engineering, 
in its broadest sense, of the science of chemistry, a science to which 
I have thus far devoted my life and energy. Accepting the broad 
definition of the engineer as one whose function it is to utilize the 
forces of Nature in the interests of mankind, it will at once be 
manifest that the engineer is largely interested and concerned in 
the principles of chemical science. 

Of the several natural forces of which he has to take advantage, 
the chemical force will be the one with whose action and products 
the engineer is perhaps most constantly brought into relation. There 
can be no doubt that in proportion as he is conversant with chemical 
laws and facts, and is able to readily bring himself into touch with 
chemists and with chemical thought and progress, the engineer's 
work must be greatly facilitated, and he will be saved from many 
mistakes and failures to which he might otherwise be subject. 
But it is also equally true that the chemist who is concerned with 
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of fuel. However, with no organised Becondary education, with a 
country full of ignorant and obetinate parents, and with the strong 
prejudices of self-styled * practical ' men, we shall have to wait 
some time, I fear, before we can have in operation anything like 
an ideal course of teaching for engineers." 

E. ** Engineering does not figure as a subject required of 
students taking chemistry as a chief subject for the B.Sa, nor do 
I think it should do so, as 3 years' study of chemistry, with 
physics as another subject, is little enough to give a man a good 
knowledge of chemistry. Engineering is no doubt of value to the 
technical chemist, but you cannot turn out a technical chemist in 
3 years. What I feel that we want in England in order to enable 
the University Colleges to do the best for the country is a supply 
of well-educated youths of the age of 17, fitted to take up the 
special science training which the University Colleges are pre- 
pared to give. The secondary schools do not do this, but try to 
turn out specialists at the age of 17 or even younger, instead of 
youths with a thoroughly sound general education in a position to 
benefit by the special education, such as is needed for their after- 
life career. I have a feeling that engineers in general neglect 
chemistry, and many of them, whom I know, have very hazy notions 
of such fundamental phenomena as those of combustion." 

F. '^ Chemical instruction is seldom taken by our engineering 
students. I am at a loss to know whether they consider it above 
them or beneath them. They prefer to obtain empirical knowledge 
rather than to cultivate self-thinking." 

The general opinion, as far as it may be gathered from the 
information furnished by these various educational institutions, 
seems to be somewhat as follows : — 

1st. The study of chemistry, both theoretical and experimental, 
by the engineering student is highly desirable, and should be 
made compulsory, if possible. Accordingly, most of the institu- 
tions provide time for the study of chemistry in their engineering 
curricula; a few give much attention and time to training the 
engineering student in general chemistry ; while a small minority 
feel that they must be content for the present to recommend the 
study without making it compulsory. 

2nd. Regret is generally expressed that the engineering curri- 
culum is too full to permit of a much more satisfactory chemical 
training being insisted upon. 

3rd. Especial stress is laid on the value of experimental work 
in the chemical laboratory. 
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eliminated. This improvement meant that it was no longer 
neoessaiy to import the relatively pnre Swedish iron for the 
preparation of steel. The home supplies of the metal oould be 
used for this purpose and oould be made to famish good steel at a 
much smaller cost than when the imported iron was used. 

The vast importance of these successful applications of chemical 
knowledge and principles was soon felt. The engineer had the 
advantage of being able to employ a comparatively strong and 
easily-worked material for building guns, bridges, ships and 
large structures generally, as we]l as for laying down railway 
and tramway tracks. He was not slow to avail himself of the 
advantage thus secured ; and we have instances in the Forth 
Bridge, the Tower Bridge, and in all our large merchant steamers 
and men-of-war and their equipment, as well as in our modem 
warehouses and large buildings, of the successful use of cheap 
steel. The advantages of increased durability and strength have 
thus been secured, together with decreased weight, to the great 
advantage of the public at large. 

At the present time the metallurgical chemist and the chemical 
metallurgist are engaged in furnishing metals and alloys new to 
commerce, which can rank in importance with cheap steel, only 
in a somewhat minor degree ; and the engineer in every depart- 
ment of his activity is now continually having placed at his 
disposal alloys which are more suitable for his various designs 
than any which he has hitherto employed. 

Gas-Making and Gasworks, — It is scarcely necessary to point out 
the absolute necessity of chemical knowledge and chemical advice 
to the gas engineer. The engineer who designs and superintends 
in use the plant for making the various forms of gaseous fuel 
which are required for heating and lighting purposes, requires to 
keep abreast of chemical progress in these departments, and he 
will be seriously handicapped if he endeavours to proceed unaided 
and unadvised by the chemist, and if his products are not 
frequently subjected to chemical examination. 

Waterworks and Water-Supply. — The design and construction of 
waterworks is pre-eminently an engineering undertaking, and 
includes not only the provision of suitable boriogs, conduits, 
storage reservoirs, and pumping stations, but also of suitable and 
satisfactory filter beds when necessary. But here, again, if the 
health and requirements of the consumers of the water-supply 
are to be properly considered, the chemist must determine the 
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with dissolved impiiritie8« whioh are at the moment invisible to 
the eye and inappreciable to the sense of smell. When this 
efiSuent is exposed for a short time to natural summer tempera- 
tures, or to artificial summer heat in the chemist's laboratory, it 
runs rapidly into foul putridity. 

Such an effluent should manifestly not be looked upon as having 
undergone successful treatment, and should not be admitted into 
any ordinary watercourse. It will certainly deprive any stream, 
into which it is discharged, of its vital dissolved oxygen, and will 
therefore render fish-life impossible. It will probably, either 
constantly or occasionally, cause the stream itself to become foul, 
since, in the absence of dissolved oxygen, these dissolved impurities 
rapidly undergo putrid changes. The mere examination of such 
an effluent by the ordinary senses will evidently be entirely mis- 
leading, and it is only by the chemical examination of the effluent 
that its true character will be made known. The frequently- 
repeated chemical examination of effluents is necessary in order 
to ascertain that their condition is such as will not lead to the 
creation of nuisance or offence. ' 

The tendency of those in charge of any process of sewage 
treatment, if they proceed without frequent information from 
and consultation with the chemist, is to be satisfied with an 
effluent which is apparently, but not really, of a satisfac- 
tory character. When the clear but impure effluent leads to 
nuisance, the temptation is to proceed to the erection of large and 
costly plant either for the improvement of the existing process or 
for the application of some newer method of treatment. This 
expenditure may be undertaken before the additional plant or the 
newer method has been tried on a small scale and thoroughly 
tested under the supervision of the chemist. The expenditure 
thus incurred may accordingly lead to no good result, and the new 
venture may prove to be a failure as far as good results of 
purification are concerned. 

In the development on the large scale of a scheme of sewage 
treatment, which shall be suitable for any particular centre, the 
engineer finds one of his most valued and important spheres, but 
he should undoubtedly associate himself with a chemical adviser 
in the early experimental stage of testing the suitability of the 
process ; and after the scheme is in operation on the large scale he 
should secure the advantage of the co-operation of the chemist in 
constantly examining the true character of the effluent which is 
being produced, and in ascertaining its effect upon the water- 
course into which it is being discharged. 
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natural process of treatment results have now been obtained whioh 
admit of extended application, and the time has arrived when 
chemist and engineer may advantageously co-operate in carrying 
out natural schemes of sewage purification on larger and larger 
scales. 

Detection and Estimation of Inflammable Gas and 

Vapour in Air. 

Eeference may be made in conclusion to one more instance in 
which the engineer has rendered it possible for chemical experi- 
ments to receive a useful and wide application, and in mentioning 
this illustration I am glad to have the opportunity of making 
acknowledgment before an association of engineers of the advan- 
tage which I have personally derived from the co-operation of 
engineering friends. 

Much of my life has been spent in the Midlands and in the 
immediate neighbourhood of large collieries. As a chemist I 
naturally felt much interest in the application of the safety-lamp 
of our great English chemist, Sir Humphry Davy, to the purposes 
of lighting and gas-testing in our coal-mines. Living, as I did, 
near the collieries, I had facilities for learning the experience of 
those who constantly used this lamp, and was also able to make 
my own observations and experiments on the lamp both in its 
original and in its improved forms. 

What especially interested me was the application of this lamp 
to the detection of inflammable gas or fire-damp in the air of the 
mine. The gas was originally and is still detected by its power 
of causing a conical pale flame to appear over the reduced and 
almost non-luminous flame of the lamp. This is known as the 
•* flame-cap " indication of gas. It was observed and regularly 
utilized even before safety-lamps were employed for lighting the 
pits. The candlewick was cut short, and the direct light of the 
small flame was screened from the eye by the hand when the pale 
flame-cap was being looked for. 

It has always appeared to me that this, the original method 
employed in the coal-mine for detecting gas, was a more ready 
and practical means than any of those which depend upon other 
principles. I have long wished to improve this test and to make 
it more delicate and practical. I wished especially to render it 
available for measuring the percentage of gas present in the air in 
order to learn how near the mixture is to its flaming or exploding 
point. 

Experiments directed towards this object showed that the flame 
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this Institution in a Paper on "The Transport of Petroleum 
in Bulk." 1 

Another form of portable apparatus was devised, by means of 
which air could be drawn from any neighbouring space, and could 
then be tested for combustible gas or vapour upon the spot. It 
was applied, for example, to the detection and measurement of 
coal-gas, which had leaked into the conduits of street eleotrio 
mains, and it has been used with advantage by gas engineers. 

I may say at once that while a long series of laboratory experi- 
ments and measurements were necessary, in order to establish the 
practicability of this method of detecting and measuring inflam- 
mable gas and vapour in air, the perfecting of the apparatus in a 
practical form was due to the very ingenious suggestions made 
by friendly members of the firms of Messrs. Manlove and Alliott, 
of Nottingham, and Messrs. W. J. Fraser & Co., of London. 
Without the co-operation of these gentlemen I cannot but feel 
that my own labours would have lacked their final success. All 
the above forms of testing-apparatus are described in a book on 
" The Detection of Inflammable Gas and Vapour," published by 
Messrs. Crosby Lockwood and Son. 

Conclusion. 

In concluding this address, I feel that I have only been able 
to touch in barest outline upon what is really a very large 
and important subject, and one in which the publio welfare is 
deeply concerned. It is true that as knowledge advances, it 
becomes increasingly difficult for the engineer or the chemist to 
learn much of any department of knowledge except that which 
most nearly concerns him. But this fact renders it the more 
necessary, in the interest of progress and success, that the 
members of these two important professions should heartily co- 
operate, and should place at each other's disposal the knowledge 
and advice which each may be able to offer. Such co-operation 
of the engineer with those who have specially devoted themselves 
to the various natural sciences will help this country to maintain 
that glorious prestige amongst the nations which the noble 
labours of a long succession of great engineers have conferred 
upon it. 

The Chairman, in proposing a vote of thanks to Dr. Clowes, 
remarked that the lecture, which was not less interesting and 

* Minutea of ProceedingB Inst. C.E., vol. cxvi. p. 177. 
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Meeting. 

pleasure in proposing a hearty vote of thanks to Dr. Clowes for his 

leotare. 

Sir WiLUAM Prei^e, E.C.B., Past-President, in seconding the 
resolution, remarked that while the lecturer had told them a 
good deal of the association between chemists and chemistry and 
engineers, he had also shown them one thing which engineers 
missed very mnch in their discussions and addresses, namely, 
knowledge of the elements of pure language and clearness of 
articulation and speech. Every branch of engineering would 
learn a good deal from the lecture, which all would read with 
great pleasure. 

Dr. Clowes, in reply, expressed his appreciation of the way in 
which the members had received his lecture, and acknowledged 
the kindly terms in which the President had proposed the vote of 
thanks. When he had received the very complimentary invita- 
tion of the Council of the Institution to deliver the lecture, one 
of the inducements to comply with their wish had been to see 
the name of the seconder of the proposal as the previous lecturer, 
and a series of illustrious names as his predecessors. It had 
been a great pleasure to him to have the opportunity of speaking 
to such an audience, and, above all, to learn that they appreciated 
his efforts. 
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depth of the shafts, but also the nature and disposition of the 
various strata and formations through which the tunnel will 
pass. The accurate geological surveys, which now exist in the 
case of most civilized and thickly-populated countries* greatly 
facilitate the task of arriving at an approximate knowledge of the 
nature of the ground, and it is generally possible to ascertain 
from them the actual formations to be met with, and the general 
dip of the strata. The greatest difficulties in tunnelling, however, 
are generally caused by minor faults, or pockets of sand or water, 
the existence of which no geologist can ascertain except by actual 
experiment. In the construction of the tunnel south of Sevenoaks 
Station, on the South-Eastem Railway, when the headings pene- 
trated through the Wealden clay, which dips in a northerly 
direction, it was found that the Lower Greensand above was so 
saturated with water that the contractors were unable to deal 
with it, and the work had to be completed at great cost by the 
Eailway Company. It was at first thought, even by geological 
experts, that this was merely a pocket in the clay, full of water ; 
but it has since been proved by the unfailing supply pumped 
from a well close by the side of the tunnel, into which the water 
is led, and which forms the water-supply of Sevenoaks and the 
neighbourhood, that a much greater area of percolation must have 
been tapped than was at first supposed, including probably the 
slopes of both the Mid Kent Range and the North Downs, the 
Lower Greeusand forming, in fact, a reservoir confined between the 
Wealden and Gault clays. 

In the Kilsby^ tunnel, on the London and North Western 
Railway, the greatest difficulty was experienced in making way 
through an extensive pocket of running sand, the existence of 
which had not been at all expected, as trial shafts, sunk to 
ascertain the character of the material, had unfortunately not 
touched it, and had only revealed sound ground. Both these 
cases show the urgent necessity of ascertaining, when possible, 
by means of frequent shaft-sinkings and borings, what may 
be the real character of the ground in the actual line of the 
tunnel. Shafts are by far the most instructive, as they enable 
the amount of water and the pressure exerted by the various 
materials to be ascertained, and it is then possible to estimate 
approximately the provision which must be made for drainage, and 
the thickness of lining required. As they can be afterwards used 



* See " The Life of Robert Stephenflon, F.R.S.," by J. C. JeaffreBon; London, 
864, vol. i. p. 200. 
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impoesible to avoid bad ground, owing to the diffionltiea of 
altering the line or level, but in wild oonntries these points should 
receive careful consideration. 

In crossing a watershed or line of hills by a tunnel lying under 

a dip in the crest-line, as will often occur if the railway runs up a 

valley on one side of the watershed to meet a valley on the other 

side, it is necessary to ascertain the cause of the dip. This may 

have been eroded in consequence of a fault, in which case the 

tunnel should be located to one side or the other of the fault, 

which will have caused crushing of the rock, and will probably be 

saturated with water. Or it may be the result of the detrition of 

the loose and broken rock in the top layers of an anticlinal fold 

which may lie below the dip, and may introduce much lower 

strata of quite a different character into the line of the tunneL In 

the case of a mountain slope, if the dip of the strata is parallel to 

that of the upper surface there may be a danger of sliding caused 

by any disturbance of the beds, especially if the comparatively 

softer character of some of tt em may have caused depressions in 

their outcrop, which, acting as catchment basins for the drainage 

of the upper slopes, keep the soft material below in a saturated 

state, and so increase the tendency of the harder layers outside to 

slide. One of the cuttings on the Midland Bailway, in sidelong 

ground, gave a great deal of trouble during construction owing to 

the hillside above evincing a strong inclination to slide into the 

cutting. Where the strata dip at right angles to the mountain 

slope, or lie horizontally, there is less danger of trouble from this 

cause. Care should always be taken to avoid, if possible, the 

location of a tunnel in any position towards which the lie of the 

strata naturally tends to conduct water; this is, in all cases, 

whether of open cuttings or tunnels, the cause of the greatest 

difficulties. The exact length of any tunnel can seldom be fixed, 

as the position of the faces must depend on the character of the 

ground as found by trial, and it may be necessary to extend by 

cut and cover where the foundation at the point originally 

selected may not be considered sufficiently sound to carry the 

surcharged elope. 

The first proceeding in the construction of a tunnel is generally 
the sinking of as many shafts as may be found necessary and 
practicable, having regard to the time of completion and the cost. 
It is seldom possible to commence work immediately at either of 
the tunnel faces, as these are generally, except in mountains, 
situated in deep cuttings which must be previously excavated. 
From each shaft driving is then begun in both directions. In 
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arrangement, cause a drip from the shaft into the timnel» some 
method of drainage similar to that used in the Catesby tunnel 
may be employed. In this case an annular brick chamber was 
built round the shaft lining at the level of the water-bearing bed, 
and the ground was made tight below it. From this ooUeoting- 
chamber pipes were led inside the brickwork of the shaft and of 
the arch and side-wall below, to the central tunnel drain. This 
high-level supply was in one case afterwards used to supply by 
gravitation the station at the south or upper end of the tunnel. 

There are several systems of construction of the actual tunnel, 
of which the English system is the one most in use in this country, 
as it has proved more economical in timber, more rapid, and safer 
in any soft material than the others. In this system the excava- 
tion is first got out for the top heading, which is kept somewhat 
in advance of the rest of the face and in which the crown-bars, 
18 inches in diameter, or larger according to the weight to be 
supported, are set ; the heading is then widened until the whole of 
the upper timbers required are in place to the level of the top sill. 
The excavation is then carried down to the level of the lower sill, 
on which the top sill is supported by under-pinning props. Bakers 
are also placed to stiflfen the sills against the face of the excavation, 
which is boarded. The excavation is then completed to the required 
depth. This operation is performed in lengths varying according 
to the ground met with, but generally of 12 feet or 15 feet, though 
occasionally lengths as short as 10 feet or as long as 18 feet are 
worked, in exceptional cases. In this manner the whole section of 
the tunnel is left free for the bricklaying gang, who now follow, 
erecting the centering, and completing the lining behind. Where 
there is an invert, the bricklayers lay it first, and then the side- 
walls. They remove the timbering as the walls rise, but in bad 
ground it is sometimes necessary to leave the poling-boards in. 
When the lowest of the six drawing-bars is reached, the space 
below it, outside the arch, is bricked in tight. As the arch rises, 
9-inch walls are built between the extrados and the poling-boards 
to support the latter when the bars are drawn forward for the next 
length. Another length is then excavated and the six highest and 
largest bars are drawn forward as this proceeds, their ends resting 
on the finished arch behind and on the props put in to receive 
them in front. The spaces left by them between the 9-inch walls 
are then carefully packed with dry material to prevent any more 
settlement of the ground above than is unavoidable. Care must 
especially in shaft lengths, that the brickwork be well 
bonded. The height at which the crown-bars are set 
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and the very small spaoe left bj the tail of the shield xound the 
oast-iron cylinder is then filled with cement or lime grout under 
pressure. By this method all disturbance of the upper surfieuw is 
obviated, and it is possible .to tunnel under buildings without 
doing any damage. Should the face be soft enough to oome 
forward, the shield is divided into compartments, only one of 
which is taken out at once. From the time of Sir Isambard 
Brunei and the Thames Tunnel, various forms of shield have been 
tried, especially in America; but previous to Mr. Greathead's 
undertaking no great advance was made. The tunnels in this 
case were 10 feet 2 inches to 10 feet 6 inches in diameter, and the 
greater part of the line was more or less subaqueous. Where the 
material was so wet as to require it, the work was done in com- 
pressed air. The construction of this work and the methods 
adopted for overcoming the water-pressure, etc., are described in 
a Paper ^ by the late Mr. J. H. Oreathead, read before the 
Institution in 1895. Owing to the remarkable absence of dis- 
turbance caused by the shield-driven cast-iron tunnel, this system 
is now being largely used in similar deep-level tunnels, even 
where no water is to be met with. 

In the Great Northern and City Bailway, when the face has 
progressed far enough, the lower half of the cylinder is replaced 
by brickwork, and the cast-iron segments are used for the roof 
further on. One of the difficulties which appeal to the engineer 
in the construction of these town tunnels is the great accuracy 
required in the setting-out. Owing to the value of building 
property the line has to be so arranged as to lie under the roads, 
and it is therefore impossible to get sites for shafts on the actual 
line of the tunnel. On the Great Northern and City Railway the 
main working shaft is l early 100 yards from the tunnel, and a 
subway has been driven under a canal to the chamber in which 
the four IG-foot shields were erected. The transferring of the line 
to the shaft and then back along the subway has required the 
most minute care, and every ring of the cast-iron lining has been 
checked as soon as erected, to prevent any possible error in line or 
level. The introduction of lifts of large capacity and great speed 
has brought this low-level work comparatively near the surface. 
Great trouble was experienced with the earlier shields in pre- 
serving the cylindrical form and in the prevention of a tendency 
to drop or tip forward as the shield advanced. This is now care- 
fully checked by the rams, which are turned on as required so that 
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QPaper No. 3283.) 

" On Some Applioations of Transition Gorves." 

By Gabrikl James Morrison, M. Inst. G.E. 

The subject of Transition Carves was oarefollj investigated by 
Mr. Fronde more than 50 years ago, bat their employment has 
been looked apon as a mathematioal refinement, and Uieir intro- 
duotion in practical setting out may be safely said to be the 
exception and not the rale ; yet there have been laid thousands 
of miles of railway, along which trains travel at the highest 
speeds, without any apparent inconvenience arising from the 
omission of transition curves. The platelayer in practice eases 
o£f the junction of the straight line and the curve at the expense 
of increasing the curvature at another place, and in the face of 
the experience of half a century it would be absurd to say that 
this rule-of-thumb method is fraught with danger. 

In recent years, however, the construction of underground 
railways, on which carriages propelled by electricity are run 
through circular tubes which they practically completely fill, 
has introduced an entirely new element which appears to have 
escaped general notice, the tubes being, as a rule, set out with 
circular curves tangential to the straight lines. In a tube- 
railway, as elsewhere, a certain amount of superelevation must 
be given to the outer rail on curves, but as the carriage nearly 
fills the tube this can only be done by moving the permanent 
way to one side, following the curve of the tube (^Fig. 1), and in 
this way the amount of superelevation and the. position of the 
line become connected in a very curious and embarrassing manner. 
It is true that on quick curves the size of the tube is sometimes 
increased, but this is required to give clearance for the ends of 
the carriages at the outside and for the middle of the carriages at 
the inside of the curves. There is no clearance available for 
superelevation. 

Let the tube be laid with a circular curve tangential to a straight, 
and, as a first attempt, let the centre line of the permanent way 
be laid out in the centre of the tube on the straight, and to one 
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side in the carve, in order to give superelevation ; the result will 
then be as shown in Fig. 2, Easing off the junction, or rather want 

Fig, 1, 




.ScalA, i Inch = 1 foot. 

of junction, of the straight line with the curve is here a much more 
serious matter than in the open. The straight line may be con- 
tinued forward and gradually made to join the curve, but this means 

Fiq. 2, 



entering a curve, and possibly a very quick curve, without any 
superelevation, and will be bad, although it may satisfy the eye. 
Probably the best method is to lay the rails in the manner 
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indioaied in Fig. 3 (a). In the open such a line wonld be tin- 
objectionable, and wonld, as a matter of fact, be much better 
than the platelayers' mle-of-thumb line, since the proper amonnt 
of superelevation conld be given at each point. In the tube, 
however, quite another state of affairs exists. Superelevation is 
no longer independent of line, but is absolutely dependent upon 
it, and where the line gradually moves to the left the inner rail 
of the curve is higher than the outer. It is true this curve may 
be made very flat, but the flatter it is the further on ¥rill be its 
connection with the circle, and the further it will be moved from 
the centre of the tube, so that at the point of change of curvature, 
where there may be a piece of straight, and where in any case 
there should be no superelevation, there will, as a matter of fact, 
be nearly the full amount due to the main curve. This may 
affect the working of the traffic in a very serious manner. When 
an ordinary railway-carriage runs round a curve, the principal 
disturbing forces arise from centrifugal force, from the parallelism 
of the axles, and from the difference of length between the outer 
and inner rails.^ The flrst can be completely balanced by super- 
elevation of the outer rail. The second and third can be abolished 
by the use of radial axles and one wheel loose on the axle (as in 
the rolling-stock used on the old railway over the Mont Cenis 
Pass and elsewhere) ; but the difficulty of making the moving 
jmrts so that they will stand rough usage and heavy traffic is so 
great, and the inconvenience to be avoided is so small when the 
wheel-base is short, that the system has not found favour, though 
it has lately been suggested by Mr. Farr ^ as a cure for other evils. 
The effect, such as it is, of the second and third disturbing forces 
is to cause the leading wheel to hug the outer rail and try to 
mount it, and this can be roughly if unscientiflcally corrected by 
giving a slightly increased amount of superelevation. If this is 
introduced, then with bogie stock there would appear to be very 
little danger in running round quick curves at a high speed, pro- 
vided only the amount of superelevation is not so great as to be a 
source of danger at low speeds, or when standing still. A speed 
of 25 miles an hour on a 5-chain curve seems well within the 
limits of safety. It may well be, however, that while there is no 
danger in traversing a quick curve, there may be great danger in 
entering it on a tubular railway without transition curves. 
Assuming a 5-chain curve, a speed of 25 miles an hour, a super- 

1 See the Author's remarks in the discussion of Mr. Adams* Paper on ^* Train 
Besistanoe " Minutes of Proceedings Inst. G.E., yoI. xxxi. p. 394. 
s Minutes of Proceedings Inst. C.E., vol. cxli. p. 88. 
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2 minntes is a fall allowanoe for the time required to introdnoe 
snoh a onrre in setting oat, and the second is that if these onrres 
are to be nsed, they must be introdnoed at the original setting-ont 
of the line. For ordinary purposes, all transition curves should 
be of one length, say 2 chains (if lOO-foot chains be used a 
length of 200 feet may be adopted). The amount of shift is one- 
third of the deyiation of the main curve from the straight in a 
length of 1 chain, or : — 

Shift in feet = -j; ^- . - ,-. — , 

radius of curve in chains 

say 9 inches for a 15-chain curve, 13 inches for a 10-chain curve, 
etc. The straight line is set out to the tangent-point A, Fig. 4, 
the shift A B is put in, the curve is laid out as a circle from the 
point B, a peg is put in half way at 0, and the work is done. The 
transition curve will run from D to E, and the platelayer will 
always put in a good curve. This matter is more f ally dealt with 
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in a letter by the Author to the Engineer^ 6th December, 1867. A 
moment's consideration will show that although 9 inches seems a 
very small matter in the original setting-out, it would be im- 
possible to set out the rails eventually 18 inches nearer one side 
of a cutting than the other, and hence it is futile to attempt to 
put in transition curves in setting out the rails if they have not 
been allowed for in setting out the work originally. In the case 
of such curves in tunnels and stations, and more particularly in 
tubes, where points have to be given at shorter intervals than 
1 chain, the matter must be gone into more fully, and for this 
purpose there can be no better guide than the Paper on •• Transi- 
tion Curves for Railways," ^ by Mr. James Glover, recently 
published by the Institution. 

The Paper is accompanied by drawings, from which the Figures 
in the text have been prepared. 

" Minutes of Proceed iDgs Inst. C.E., vol. cxl. p. 161. 
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" Atlantic " engines varies between 20 per cent, and 26 per cent of 
the weight on the driving-wheels, and that thq tractive force of the 
" ten- wheel " engines varies between 19 per oent. and 21 per cent 
of the weight on the driving-wheels. The high ratio of tractive 
force to weight on the driving-wheels of many recent engines 
is rendered allowable by improved methods of applying sand to 
the wheels. The adhesion of the driving-wheels to the rails can 
be greatly increased by these methods of sanding, and the maxi- 
mum tractive force can be nsed to start the load or to get over 
short lengths of wet or slippery road. The diameter of the 
driving-wheels of fonr-conpled engines has gradually been 
increased from about 6 feet 6 inches to a maximum diameter of 
about 7 feet, with the resulting advantages of lower speed of 
working parts, better steam distribution, and a reduced weight of 
counterbalance. The driving-wheels of "ten-wheel" engines 
vary between about 5 feet 9 inches and 6 feet 8 inches in 
diameter. The driving wheel-base of " eight-wheel " engines is 
usually about 8 feet 6 inches to 8 feet 9 inches, and the total 
wheel-base is about 24 feet 6 inches. The driving wheel-base 
of '* Atlantic " engines is usually about 7 feet to 7 feet 6 inches, 
and the ' total wheel-base is about 27 feet. In " ten-wheel " 
engines the driving wheel-base is usually about 14 feet to 14 feet 
6 inches, and the total wheel-base about 26 feet. 

The construction dimensions of American railroads limit the 
extreme height of the locomotive from rail-level to about 15 feet, 
and the extreme width to about 10 feet 3 inches. Owing to the 
increased diameter of the driving-wheels and to the large size of 
the boilers, the centre-line of the boiler is about 9 feet above rail- 
level in modern engines. Special efforts are being made to obtain 
great and long-sustained power at high speeds. To effect this, 
great attention is being paid to the provision of large boilers, 
large and direct steam-passages and easily-moving slide-valves, 
and to the details of the valve-gear. At the present time the 
leading question with American locomotive engineers is that of 
fire-box design. Closely connected with this subject, and to a 
considerable extent dependent upon it, are those of the arrange- 
ment of the wheels, the length of the tubes, and the height of the 
boiler from the rail. From carefully-made experiments, it has 
been found that the rate of combustion in locomotives buminir 
bituminous coal has been forced to uneconomical limits. In 
many cases, rates of over 150 lbs. of coal per square foot of grate 
per hour have been reached. The general opinion appears to be 
that the rate should not exceed 100 lbs. of coal per square foot of 
grat'' ' >ur. It has therefore become necessary to increase 
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In the year 1897 a committee of the American Bailway Master 
Mechanics Association reported npon the ratio of gpute-area and 
heating-snrface to cylinder-volume, and submitted, as the result 
of their investigations, that for engines burning bituminous coal 
the ratio of grate-area, in square feet, to the total cylinder volume 
in cubic feet, should not be less than 3 to 1, and that the ratio of 
heating-surface in square feet to the total, cylinder-volume in 
cubic feet should not be less than 200 to 1. These ratios are now 
being much exceeded, the grate-area being proportioned to suit 
the quality of coal to be used, rather than to the cylinder-volume 
or heating-surface. Becently built *' eight-wheel " engines, with 
narrow fire-boxes, have the ratio of grate-area to total cylinder- 
volume as high as 3*89 to 1, and of heating-surface to total 
cylinder-volume 305 to 1. In the case of '* Atlantic " engines with 
wide fire-boxes, the ratio of grate-area to total cylinder-volume is 
as high as 5 to 1, and of heating-surface to total cylinder-volume 
337 to 1. For *' simple" engines the boiler stCN&m-pressure is 
usually between 185 lbs. and 200 lbs. per square inch. For 
•< compound " engines it is 200 lbs. to 210 lbs. per square inch. 

Fire-boxes are always of steel. The fire-box crowns are usually 
stayed with some form of direct screwed stay, very few fire-box 
crowns being fitted with crown-bars. Belpaire fire-boxes are 
used to a considerable extent. Boilers of the '* extended wagon 
top " type are most general. These boilers have the top of the 
fire-box casing raised to provide a deep fire-box, with sufficient 
water- and steam-space above the fire-box crown. The raised 
portion is extended some distance along the barrel, and is con- 
nected to the front end of the barrel by a taper course. The dome 
is placed on the " wagon top." The large wide-fire-box boilers are 
usually built with straight tops. Many are built with sloping 
back-sheets, which lightens the boiler at the back end, giving a 
more effective fire-box heatiug-surface, and allowing more room 
in the cab. The boiler-tubes are either of iron or steel, and are 
usually 2 inches in diameter. In recent years the length of 
2-inch tubes has been increased to 14 feet, 15 feet, and in some 
cases to IG feet. The strong draught, high rate of combustion, 
and high velocity of the escaping gases have made the use of such 
long tubes permissible. The tubes are swaged down slightly at 
the fire-box end, and are fitted outside with copper ferrules, having 
a thickness of about No. 18 Standard wire-gauge. When the tube 
is expanded, this copper ferrule makes a tight joint between the 
tube and the tube-sheet. No ferrules are used inside the tubes. 
The cylinders and steam-chests are always placed outside the 
frames. Each cylinder is cast in one piece with half of the 
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to the main portion of the fnune« great oare being taken with the 
design and workmanship of this joint to ensure a thoroughly 
reliable connection. The cylinders, cross-stays, and other frame- 
connections, besides being bolted to the frames, are either lipped 
over or checked into the frames, thus relieving the bolts of a 
considerable portion of the strain. Cast-steel is now used for the 
driving-wheel centres instead of cast-iron, a considerable reduction 
in weight being thus effected. Cast-steel axle-boxes with brass 
bearings are generally used, a brass liner being placed between the 
axle-box and the hub of the wheel to prevent undue wear. Cast- 
steel is also used for many other details instead of wrought- and 
cast-iron, and every means is adopted to save weight, in order that 
as large a boiler as possible may be employed. The driving-wheel 
springs of ** eight-wheel " and " ten-wheel " engines are connected 
by equalizing levers, arranged to give an equal distribution of 
weight on the driving-wheels. In " Atlantic " type engines the 
driving-wheel springs and the springs of the trailing carrying- 
wheels are connected by equalizing levers, the lever arms being 
proportioned to transfer the desired portion of the weight to the 
trailing carrying-wheels. The leading four-wheel trucks used 
for passenger-engines are usually fitted with centres swinging on 
links, which, in addition to the circular motion, allow a certain 
amount of side play. 

Considerable difference of opinion exists with respect to the height 
of the blast-pipe orifice in the smoke-box. For some years it was 
the rule to have the top of the blast-pipe at about the level of the 
top row of tubes. In the year 1896 a committee of the American 
Railway Master Mechanics Association reported upon this matter, 
and a number of railways have followed their recommendation to 
use a low blast-pipe, combined with " petticoat *' or draught-equaliz- 
ing pipes. Smoke-boxes are fitted with netting or perforated plates 
for the purpose of arresting dangerous oparks that may have passed 
through the tubes. The smoke-boxes are extended in length to 
contain the spark-arresting devices. The very long smoke-boxes 
in use a few years ago have met with disapproval, and only a 
moderate extension is now used. A "self-cleaning" smoke-box, 
in which the sparks are beaten to pieces against the netting, and 
are then passed out of the smoke-stack in harmless particles, is 
used on many roads, instead of the longer box which holds the 
cinders until the end of the run. Although spark- arresting 
devices are still used as a matter of precaution, endeavours are 
made to obtain more perfect combustion of the fuel in the fire-box, 
and thereby reduce the amount of cinders drawn through the 
tubes. In recent engines, having increased grate-area, the rate of 
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DIX. 
LoooMonvxs. 



Weight 



On 

Drivfaig 

Wheels. 



ToiaL 



Ueatiog SnrCice. 



Fire- 
buz. 



Tubes. 



Tons. ! Toiu. Sq. Ft. 



Sq. Ft. 



Total. 



Batiot. 



Grata 
Area. 



Sq. Ft. 



88*26 59*73 173-68 2179-71.2353 

I I 

39-51 60-89 178-74 



42 • 14 65 -35 180 



40-18.71-43 170-7 



2326*532505 



2224-0 2404 



2845*183015 
2270-0 2430 



39-2870-80155-8 23960 2551 



42-4178-57180-0 332517 3505 



46-8780*35 1600 



350963-84 190 2 



37*2366-78150-0 



2518-0 2663 



51-7866'961890 |21110 -2300 



1614-9 



1805 



I I 



59*3776-69223-0 2694-0 2917 



59*91 78-12 1700 2745*0 2915 



00-71 77*94200*7 2924*183124 



60*07 


8003 180 5 

1 


2569-6 


63-59 


82*25 


1 
I860 


2825*0 


61*16 


79*91 


180*0 


2520*0 



2750 



3011 



2700*0 



39 
27 



88 



8 



Sq. Ft. 

30*33 
30-33 

30-7 

»46*2 
•510 

»45*32| 



Total 
Volume 

of 
C/Un- 

dert. 



Cub. Ft. 

8-52 
9*46 

7-88 

9*46 
9*92 

8-98 



Grata 
Area to 
CjrlliKler 
Voluma. 



Heating 
Sor&ce 

to 
Crllndar 
voluiDa. 



17 "50*32 10-4 



'76-0 











'42*5 
32-4 



33*6 



8*52 



10-2 



30*5 10*2 



8334-63 



32-8 



32-0 



'84-2 



10*2 



10-2 



Sq. Ft^ Sq. Ft. 
Cob. Ft. Cob. Ft. 

3-56 
3*2 

3-89 

4*88 
514 

5-04 
4*84 



3*8 



3*29 



2-99 



3-39 



8-25 



276 
265 



305 



319 
245 



284 



Heating 
Sorfaca 

to 
Grata 



Sq. Ft. 



8q. Ft. 

77-6 
82-6 

78-3 

65-2 

47-7 

56-3 



337 : 69-6 



23-7 



62-6 
271 70*9 



286 86-8 



285 95-5 



306 90-2 



83*8 



941 



Tractive 
Foroa 

to 
Weight 

on 
DrlTing 
Wbaela. 



Lbs. 
Lba. 

0*22 
0-25 



0-20 



0*215 
0-205 



0*267 



0-259 



264 



321 



0-20 
0-188 

0-189 
187 



0-21 



85 per cent of hoiler'preaBaTe. 
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CPaper No. 3269.) 

'^ A Gomparison of the Flow of Water in a Biver with that 
in a Small-Soale Model of the Biver." 

By Thomas Alfred Heabson, M. Inst. C.K 

About 25 years ago, Fronde pointed ont that there were reasons, 
resting on theoretical considerations, which justified the belief that 
the results of experiments, made to determine the resistance which 
the model of a vessel would meet with in its progress through 
water, may be used to determine the resistance which the Bhip 
itself would encounter, if a particular scale of comparison, which 
he then enunciated, were adopted. He afterwards, by a famous 
set of experiments, demonstrated the relation between the resist- 
ances of ship and model. He proved that if a facsimile of the 

vessel, the linear dimensions of which are - of those of the full- 

n 

V 

size ship, be towed through water at a speed equal to — , the 

resistance will be -= of that which the full-size ship would meet 

with at a speed Y. Since that time the resistance of all important 
vessels having new proportions has been determined, before the 
vessels were built, by experiments on their models; and these 
experiments have paved the way for important advances in naval 
architecture. 

An examination of the several elements of resistance to the flow 
of water in a river appears to show that if a facsimile of the river 

is provided on a scale of -, with the depth of water everywhere 

- of that in the river, and therefore the slope of the water surface 
n 

the same in each, then the velocity at every point in the section 

V 

of the model stream will be — ^ of that in the river, so that, if 
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of the river oonld be aoonrately copied in a model on a soale 

of -, and the slope of the water surface were maintained the same 

in each, then/ would probably have the same valne for both river 

and modeL The ratio - will also have the same value for both, 

m 

and if the velocity in the model were kept equal to — of that 
in the river, the loss of head or fall of level between any two 
points in the model stream would be - of that in the corre- 

spending length of river. It follows conversely that if the 
gradient in the model is the same as that in the river the velocity 

in the model will be — i of that in the river. 

Vartation of the Sectional Area of the Stream. — The loss dae to 
this cause has, by experiment, been found to depend on the ratio 
of enlargement and to be proportional to the square of the velocity 
of flow. Hence for this cause also, if the velocity in the model is 

— r of that in the river, the loss of head in the model will be - 
V» *» 

of that in the river ; and conversely, if the hydraulic gradient is 
the same in both model and river, t.6., the loss of head due to a 

change of section at any portion of the model is - of that at the 

corresponding portion of the river, then the velocity past this 

obstruction in the model will be — : of the river velocity at the 

corresponding point. 

Deviation of the Line of the Stream. — ^Precisely the same thing is 
true with respect to bends and deviations of the line of flow. 
The loss of head depends on the angle of deviation if abrupt, and, 
if not abrupt, on the ratio of the radius of curvature of the bend 
to the hydraulic mean depth, together with the angle of deviation. 
The value of either of these quantities for a deviation in the 
model will be the same as for the corresponding deviation in the 
river. The loss of head due to this cause is proportional also to 
the square of the velocity of flow, so that on account of this cause 

also the velocity of flow in the model stream will be — =. of that 

in the river. 

The element of resistance due to the viscosity of the water is 
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model of a river, with respeot to the ronghnees of its bed as well 
as to its yarying sections and its windings, oonld be fairly easily 
surmounted. The following method may be adopted for the 
purpose of copying the roughness of the bed of the river on the 
reduced scale. Let a number of samples of the loose material be 
procured from the bed of the river, and, by being passed through 
screens and .sieves of known and graduated width of mesh, be 
divided into a number of separate volumes, in which all the pieces 
in any one mass are of approximately the same diameter. Let 
also a quantity of sand be obtained and sifted through a graduated 
series of fine sieves, so that it is divided into a similar set of 
masses, in which the diametbr of the particles in any one mass is 

- of that of a corresponding mass of the river detritus. In this 

way, for each volume of river material an equivalent volume of 

sand could be obtained, having a degree of fineness which is - of 

that of the former. If the whole is duly mixed and distributed 
over the bed of the model river, the roughness of the river-bed 
will be copied with a fair degree of ease and accuracy on the 

scale of -. 
n 

By providing loose material m the bed of the model, which, on 
the reduced scale, is similar to that in the river, another impor- 
tant feature in the behaviour of the river could be submitted to 
examination by experiments on its model, viz., the tendency to 
erode or silt up its bed. 

The force available for the transport of loose material, con- 
sisting of particles of like shape similarly situated on the bed or 
in the section of the stream, may be expected to be proportional 
to the momentum of the mass of water which, in the unit of time, 
will come within the range of influence of the particles. The 
transporting force will accordingly be proportional to the trans- 
verse section of the particle, multiplied by the velocity to get 
a measure of the mass, and again by the velocity to get the 

momentum. Thus, if the section is proportional to -^, and the 

velocity to —j^y the momentum will be proportional to -z. At 

the same time the gravity effect, or excess of weight over buoyancy, 
will, for particles of the same density of material, be proportional 

to the volume, and therefore also proportional to -^. Accordingly, 
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lateral dimenBions, especially the depth, and the smallness of the 
▼elooity, may be found to introduoe errors in oopy, and errors from 
the effect of viscosity, eta, which would vitiate the results. The 
difficulty may be surmounted by experimenting on a portion of the 
length at one time, on a larger scale. The stretch of river selected 
should begin and end in fairly straight reaches, in which there is 
a moderately permanent regime, so that the end conditions may 
with more certainty be introduced in the model. A verification 
of the accuracy of the results or otherwise would be derived by 
constructing two models, one on a smaller scale than the other. 
Should only a small discrepancy be observed, the cause could 
perhaps be traced, and a scale of correction determined, as 
between the two models, which might be extended to include the 
river itself. 

If it is admitted that the theory is likely to prove correct, 
and that the construction of the models is feasible, there remains 
the question of the usefulness of such experiments. In reply 
to this, it may be pointed out that the damage done by floods, 
and the cost of the engineering works which arc required to 
mitigate the evil, as well as the doubtfulness of their effect and 
of their permanence, are often so great that the comparatively 
small cost of producing the flood on a small scale and trying 
various methods of abatement on the model, preparatory to the 
execution of the work on the actual river, would probably be well 
repaid. 

The combination of the flow of a high spring-tide up a river 
with a discharge downwards of a large quantity of land water is 
a fruitful cause of flooding of the banks of the lower reaches of a 
river, and many questions relating thereto, such as. the value of 
deepening the bed of the river below tide-level, and the degree of 
tendency for it to silt up, remain unanswered, or the answers are 
matters of opinion only. Also the effect of holding back the land 
water by reservoirs during the flow, and allowing it to escape 
during the ebb of the tide, could be tried. In tropical countries 
there are streams which almost suddenly swell from small rivulets 
into overwhelming rivers. By means of a small-scale model the 
place of the most imminent danger of such a river breaking its 
banks might be discovered, and, by anticipation, the consequent 
flood and ruin prevented. There are doubtless other points, in 
regard to which information might be provided by experiments on 
models. 
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Deflectiom produced by Concenir<Ued Loadt, — ^In Fig. 2 jb repre* 
sented a beam of uniform seotion, supported and held down at 
two points, A and B, at a distanoe li apart, having overhanging 



^« • ••• m»» *«WM ^•«M*«* I 



Fig, 2. 






p 



at — ► 



ends AC and BD of lengths { and I,, and loaded with three 
concentrated loads W, W^, and W,. To find the deflection at the 
end D, 

let tt = work expended in bending in length I 

Ml J^ «• «• •• •• »! 



If 

•f W2 = 



9« 



9> 
99 



99 
99 



99 

19 



h 



The bending-moment at any point between B and Wi is equal 

to Ri« - Wj {h + «) = —]— + -^ 1 WaZa, 

B^ being the reaction at B. The square of this expression must 
be taken in calculating the value of u^, but it will only be neces- 
sary to include those terms which contain powers of W2 as the 

others vanish when -—.- is taken. 

a Wj 

These terms are : — 

2^y^y,lLx 



-AViW2Zaic + 



h 



(«) 



Similarly the bending-moment at any point between A and W^ is 
equal to — 

The terms in the square of this expression which contain powers 
of ^V., are — 
W.,» l..l£ _ 2 WW., I /, x^ _ W, W., l, «2 2 W Wj Z l, X 



J J. 7 2 J 

'1 *1 '1 

AdtHng (a) and (6) the sum is — 

+ W,2 /,2 - 



+ 



^i 



(^) 



2W,'^/./a;2 ^ ^^^^^^ 4AVW,Z/.a;2 2W2'/,2ir 



/i'^ 



, 4WW..Z/.,a- 
+ . " - '- = «, say. 



/i 



- Wi Wj Zj a; 
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Then 



1 n 



adx + 



_JL.f' 

2ElJ. 



''^.i 



a^ dx 



where a^ represente the terms that have been neglected, t.e., those 
not containing powers of Wj. 



Also 



'''=2mjy^'''^''' 



and tt may be neglected, as it does not contain terms in Wj ; so 
that the work required is equal to 

which is equal to 

2EIV12 "*" 2 "e 4 

8 — + — 2~ ' + ~3~~; = ^ ' '"y- 



and the deflection at the end D = S» = 



2El\^ 



dW, 



2 ^,1,1,^ yflhh W,V/, 2W^3x 



The deflection at W^ may be derived in a similar manner by 
retaining only those terms in the expression for U which contain 
powers of Wi, and difierentiating with respect to Wj. 

Thus the deflection at W^ — 81 

"■2EIV 24 8 8 y ^^^ 



Deflections produced hy Uniformly Distributed Loads. — In Fig. 3 let 
the sections C A» A B and B D be uniformly loaded with loads of 
«o, t9|, and t02 per unit length, respectively. The deflection at the 



Fig, 8. 



.,- V 



H-i-^«^^r i^^^^^^ uhit' iAW»u^^^w;;.>;4 



I 



D 



5*.- « 
I 



end D, due to the loading of span Z, may be immediately derived 
from the corresponding expression for a concentrated load, t.e., 



* The oonBtanta in thiB and the following IniegrationB are obTlously 
These will therefore not be farther ooniidered. 

[tHS UIST. ex. VOL. CXLVI.] ^. 
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1 WZ / / 

;r-=rv • — ^"^*« Substituting w and x for W and /, the 

deflection = _^ wl^liXdx - ^ v ' — tt-^' For the de- 
flection at the end D, due to w^ l^ and w, l^ assume a subsidiaxy 
load W2 to be applied at D ; this load will be made equal to sero 
in the final result. 

It is obvious that only those terms of U which contain W, will 
survive in the expression for deflection, as the terms in W,^ will 
finally disappear when W, is made zero. The required terms in 
the squares of the bending-moment are— 

'l *l 

and W2 w x^» 

Integrating, 

" 2 E I ^ 3 12 ■*■ 4 / 

and difierentiating with respect to Wj the result is — 

2EIV 3 12 "*■ 4 / 

and the total deflection at the end D = S, 

= 2^lV 3"+ 6 " 12 "^ 4"7 • • • V3; 

The deflection at the centre of the span A B may be obtained by 
assuming a subsidiary load W^ to be applied at the centre ; then 
by retaining only those terms of U which contain W^, and difier- 
entiating with respect to Wi, the deflection is found to be — 

_ 1 fwj,^ _wPi;' t02h'h' \ ... 

^ " 2EI V li)2 10 10 / ^^ 

As a check, the deflection at the end D will be worked out by 
the graphic method which is fully explained in Professor Fidler's 
" Practical Treatise on Bridge Construction." It is there proved ^ 

O \ 

that the deflection of a beam of uniform section = -rr^t 

E I 



' Second edition, p. 131. 
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where G is the area of that part of the bending-moment diagram 
between the point of contact of the tangent from which the 
deflection is measured, and the point at which the deflection is 
required ; and X is the distance of the centre of gravity of this 

Fig 4. 



*. I L 


1. J 


._ 


I ' ui: ^ '^ 









,._— Ik 



area from the point at which the deflection is required. In the 
case of concentrated loads {Fig. 4)^ taking moments of the areas 

Fig. 3. 




a 6 c, acd^ and aed about d^ the deflection at B of the tangent 
drawn from the point A (Fig. 5) is found to be — 

EI\ 3 ■*" 6 16 /• 

and the corresponding deflection at D 

-d -d^4.M~ ^ /wn,^ wz/.z , w.yi, w,^v 



16 



16 



Also taking moments of the areas ahc^aed^aed and d cf about 
f {Fig. 4), the deflection dj {Fig. 3) is found to be — 

_ 1 /w/y wzz.z, w.yz, w,^v W,/,3 

^^EI\3 "^ 2""*" (T" "^ 2 ■*" 3  



16 



8 



2 Wj Z/ , 



and the deflection from the horizontal at the end D 

which ia the sune aa that found before. 

«^1 
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In^the oase^of nnifonn loads, taking momenta of the areas a 6 c. 

Fig. 6. 




acd and aed about d (Fig. 6)^ the deflection d {Fig. 5) is found 
to l)e 



EI\6 "^ 12 "24/' 



and 



_ «fiV « ^1 h^ h \ 
24 24 /• 

Also taking moments of the areas ahc^ acd^ aed^ and d ef about 
/ (Fig. 6) the deflection d^ (Fig. 5) is— 

_ 1 /irPy t./^Z,/3 u;,!,^/^ ^ t.,Z,Z,» t^^V 
^"ElV ^ 4 "^ 12 "^ "4 24' 



^1 ^!l2 , «^i ^2* 

12 "^ 8 



). 



and the deflection from the horizontal at the end D is 

A - rf, - d, - -^ 1^—— + — ^2" + -4- > 

wliich is the same as the expression £ound previously. 



The Paper is accompanied by diagrams, from which the Figures 
in the text have been prepared. 
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wherever sufficient supplies of peat are at hand. Coal imports 
during 1899 amounted to abont 70 million kronor (£3,900,000), 
and for 1900 are expected to reach 100 million kronor (£5,500,000), 
which might as well be spent in Sweden as abroad. The moulding 
of the peat into briquettes is not the chief feature in the utilization 
of this fuel. For works immediately adjoining peat bogs, mere 
pressing and drying may suffice. Where however carriage becomes 
a consideration, and also for household use, the briquettes are best. 
Peat is an ideal fuel, firm, hard, clean to handle, devoid of smell, 
and therefore highly suitable for the kitchen. The Swedish 
briquettes are superior to those made in (Germany; the great 
difference in weight, colour, and heating power, is remarkable. 

An exhibition of peat fuel, held at Jonkoping in oonnection 
with a meeting of the Swedish Peat Cultivation Society, comprised 
twenty-four varieties, besides a sample made from the white moes 
obtained from the experimental field at Flahult. Three kinds of 
peat briquettes were shown, one Swedish by Lithander, one 
Oerman, and one Dutch, as well as a collection of samples of the 
products of peat distillation, such as peat charcoal, peat tar, gas 
oil, creosote oil, sulphate of ammonia, and peat spirit ; and draw- 
ings of the method devised by Mr. Wilen of Gothenburg for 
manufacturing peat charcoal, accompanied by specimens of the 
peat and of the charcoal produced therefrom. 

At a meeting of the Peat Cultivation Society Mr. Alf. Larsson 
dealt with the importance of peat fuel to Sweden, and the best 
methods of converting peat into good fuel. During the last 10 years 
the importation of coal has more than doubled in weight, and has 
trebled in cost, to the disadvantage of the revenue. For the year 1900 
the quantity imported is estimated at about 3,200,000 tons, while 
the home production of coal is only 250,000 tons a year, and cannot 
easily be increased. In almost all stationary fumaoee peat can 
now be substituted for coal, having for 10 years past been employed 
in Martin-steel and glass furnaces, brick and tile kilns, and others ; 
and in 1900 it has been shown that, in steam boilers with furnaces 
large enough, and with careful firing, as much steam can be produced 
per square foot of heating surface with peat as with coal. In 
Finland, Bussia, and Germany, locomotive and marine boilers also 
are fired with wood or peat while in shed or harbour. Apart from 
this use Mr. Larsson considers that roundly 1,500,000 tons of coal 
per annum might now be replaced by peat, which for equivalent 
heating power would amount to 1,500,000 x 1*8 = 2,700,000 tons, 
with a saving of 50 million kronor (£2,700,000) at the present 
T ". In 1896 it was reported by the peat engineer of the 
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vator, oonsisting of a large iron lighter whioli oarries a steam- 
engine with scooping and kneading apparatus. Twelve sndh 
excavators, each tnming ont daily 100 tons to 200 tons of peat 
reckoned as air-dried, are collectively raising 60,000 tons of dry 
peat per annnm. The depth of water in which they float on the 
bog is a little over 1 foot. They deliver the kneaded peat to the 
drying-floors at an all-ronnd cost of 1 *8 gnlden (3f.) per ton. It 
is spread ont in a layer 2 feet thick, which dries down to half 
its thickness in a couple of days. It is then out np into blocks 
3 inches square and bJ^ inches long, which are stood on end. 
The quantity dried per acre is 400 tons of dry peat per annnm. 
After the drying, the rest of the work — ^treading, cutting, piling, 
carrying, stacking, and thatching — is professedly done by the 
landlord, who however is often unable to pay for doing it, in 
which case it is done by the lessee, who takes payment in peat, 
reckoned at 8 to 8*5 gulden (13«. 4d. to lis. 2d.) per ton. 

Two such excavators, each costing 30,000 kroner (£1,700), are 
working on Agerod bog in Sk&ne, and it is found essential for 
success that the peat should be kneaded to a stifler consistency 
and laid out to dry in moulds. At Sparkjoer in Jutland 18,000 
to 20,000 tons per annum are turned out, partly by floating and 
partly by stationary appliances. The bogs are deep, well rotted, 
and almost free from stumps and roots. One man digs per day of 
10 hours the equivalent of 10 to 12 tons of dry peat. The dry 
peat there weighs 28 to 31 lbs. per cubic foot, and costs to manu- 
facture on the bog 2J to 3 kroner (28. 9d. to 3«. 4d.) per ton. 
Floating excavators are unsuitable for bogs containing any con- 
siderable quantity of stumps, roots, or root-fibre. 

Near Amsterdam a bog of 860 acres, visited by Mr. Larsson in 
the spring of 1899, was being worked by five excavators, supple- 
mented by an attendant barge carrying a chain-pump or bucket- 
elevator. The kneaded peat raised from the last plots, where 
there was no room for depositing it, was loaded into the barge, 
conveyed away to some other part of the bog, and there carried 
up by the elevator to the drying-floor. The annual output was 
20,000 tons. The best plan, he considers, would be to let each 
dredger work in a straight line right through the whole length 
or breadth of the bog, and deliver the stuff alongside as far inland 
as the spout can reach ; and thence to take it away in trucks on 
rails, as is done at Sparkjoer, Stafsjo, and elsewhere. Dredging 
begins on 1 April and ends on 20 June ; in fine weather the day's 
wort '- "•-'i hours, from 4 a.m. to 7 p.m. A lump of peat l*b(y cubic 

was raised by one excavator five times in 2 minutes ; 
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The residnal products from the ooaling of peat are not nearly 
80 valuable as those got from wood. Air-dried peat, containing 
25 per cent, of water, does not yield more than 40 per cent, of 
charcoal. Its heating power is about 3,500 calories x^r kilogram 
(6,300 British thermal units per pound), of which not more than 
2,800 calories (5,040 units) remain after coaling. There is thus 
a loss of 20 per cent, of heating power, apart from the cost of 
coaling. The best method of coaling peat, according to Mr. 
Larsson, is the Ziegler method, which is now being tried in 
Oldenburg. The next best is coaling in charcoal kilns. Peat 
powder, so thoroughly dried that even the water chemically com- 
bined with it is expelled, has been found to be a surprisingly 
good fuel during several years' use at J5nkoping ; it has the same 
evaporative value as coal. The cost of carriage is about the same 
as for coal of the same heating value. At Granefors a spare 
steam-boiler is fired with peat on a stepped grate, with good 
result and freedom from smoke. 

In the south of Sweden, where there are fewer sources of water- 
power, but abundant peat bogs in populous districts with busy 
industries, the peat should not be taken into the towns for electric 
light and power stations and other works, but should be burnt 
in electric stations erected on the bogs themselves, whence current 
should be supplied for light and power. A 500-HP. condensing 
steam engine, running 12 hours a day for 300 days a year, Mr. 
Larsson calculates could then work at 42 kroner (£2 68, 8d.) per 
HP. per annum with peat, as against 118j^ kroner (£6 11«. Sd.) 
with coal at the present price of 25 kroner (£1 7«. 11(2.) per ton in 
harbour ; and peat so used could still compete with coal, even if 
the price of the latter fell as low as 8 * 65 kroner (9«. 7<2.) per ton. 
On a good bog, peat can be manufactured at 4 kroner (4«. 5d,) per 
ton, and even less. The peat bogs supplement the waterfalls; 
and no country in the world is so well provided with favourable 
sites for power stations as Sweden, if only her natural resources 
are turned to good account. 

All other great civilized countries being rich in coal, Mr. A. 
Bcidtker points out that it devolves upon Sweden and Norway, 
which are deficient in coal but rich in peat, to solve the problem 
of substituting peat as fuel. The disproportionately high cost of 
its production, and its large bulk which renders its transport too 
expensive, hinder its general use. In Germany it is sought to get 
over the difficulty of bulk by establishing suitable branches 
of industry in the peat districts, and so avoiding the need of 
conveyance to longer distances. The chief aim will be to find 
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chosen sites adjoining peat bogs, getting their fnel ihenoe direct 
and at the least cost for carriage, and incorring leas onilay for 
buildings in the country. 

The coaling of peat seems to Mr. Dal to be attended with no 
advantages. All methods hitherto made public presnppoae the 
mechanical manufacture of peat ; it is machine-made peat that is 
used in the Ziegler coaliog-oven at Oldenburg in (Germany, in the 
works at 0hr, and by Holm at Aalborg in Denmark. Coaling 
does not supersede this preliminary work ; and though it affords 
the opportunity for recovering by-products from the gas, it is 
doubtful whether these recoup the cost of recovery. The Olden- 
burg works have had economical difficulties, and at one time came 
to a standstill, in spite of being situated right in one of the largest 
peat bogs in the world, and notwithstanding good management. 
Nor does coaling dispense with the inconvenience of drying the 
peat, which cannot be done by mechanical squeezing, because in 
the richest peat the water and vegetable matter are so intimately 
blended in a plastic dough that they cannot be separated by 
pressure. Even from poorer peat, any water that can be squeezed 
out carries off with it a not inconsiderable portion of the carbon 
contained in the peat. Hence air-drying is for the most part 
indispensable ; artificial drying, as far as Mr. Dal knows, has not 
been carried out otherwise than experimentally. Peat charcoal 
should be kept for smelting works, where its freedom from sulphur 
enhances its value ; it is not suitable for ordinary firing, for which 
it ought to be denser than hitherto made. Pressed peat briquettes 
have come more to the front since the advance made in pressing 
brown coal. In the Canadian process, which has made so great a 
stir, the peat is pressed into briquettes without undergoing any 
chemical change ; the process involves no new methods, but pro- 
bably has many advantages in successful arrangement of the 
machinery. Every earnest attempt to "waken the slumbering 
millions " — in other words, to unearth the wealth of the Scandi- 
navian peat bogs — will be welcome. Beginnings should be made 
on a small scale. Mechanical manufacture of peat must form the 
groundwork. In Sweden, Denmark, and Germany, the first step 
has been to make and use manufactured peat ; coaling accompanies 
the manufacture experimentally. In Norway the most successful 
course will be to increase the production of manufactured peat, 
which will be the means of developing a great industry. 

At the Trent Valley Peat Fuel Works, Kirkfield, Canada, the 
peat is raised by a large dredger, previously employed in cutting a 
canal through the peat bog. The crude peat is conveyed in 
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CPapcr No. 3236.) 

" Water-Supply on the Yilgam Eailway, WeBtem 

Australia." 

By William Herbert Shields, B.Sa, Assoo. M. Inst C.E. 

The water-supply for the Yilgam Bailway, besides being the 
pioneer waterworks for the inland portion of Western Australia, 
possesses many features of special interest. The Yilgam Railway 
comprises the whole of that portion of the Qoyemment railways 
running eastward from Northam or Spencer's Brook. It was 
constructed in sections, viz., Northam to Southern Cross, 170 miles ; 
Southern Gross to Kalgoorlie, 139 miles ; and Ealgoorlie to Menzies, 
89 miles, with branches to Boulder and Kanowna. When the 
construction of the Yilgam Bailway was begun in 1893 the last 
supply of water for engine purposes was obtained from the 
Burralong pool, a water hole in the Avon Biver 2 miles from 
Northam (the Avon, like many other Australian rivers, only flows 
during the winter months, and some years not even then), leaving 
a length of 400 miles of railway, extending into a streamless and 
practically unknown country, to be provided for. 

At the time the railway was started the probable tra£5o was 
estimated at one train in each direction per week, and although 
during the progress of the work on the Southern Cross contract the 
traffic showed considerable promise, the maximum traffic provided 
for in the conservancy of water was six trains in each direction 
per week. Owing to the sudden influx of population after the 
discovery of gold at Coolgardie a minimum of ten and an average 
of about twenty engines have, however, to be watered daily. 

The only available statistics were the rainfall at Northam, 
for 12 years, which varied between 8 '3 inches and 20*7 inches per 
annum; that at Mooranoppin (a sheep station 66 miles east of 
Northam), for 5 years, showing a variation between 8 • 4 inches and 
17*4 inches; and the Southern Cross rainfall, for 4 years, varying 
between 5*2 inches and 15*1 inches. These statistics are shown 
in the Appendix, Tables I and II. 

As a preliminary step a surveyor was sent along the line of the 
work to search the country on either side for sites for reservoirs 
and wells. He reported : — 

(1) That a well might be sunk at the Horse Valley, about 
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(d) That to cope with the evaporation the snrfaoe exposed 
should be as small as possible, and the greatest oonvenient depth 
should be chosen. 

(e) That after allowing 14 feet for evaporation and absorption 
for the period, the tanks should contain 2 years' supply, and con- 
sequently the minimum depth allowed for the tanks should be 
20 feet. This storage was deemed necessary on account of the 
precarious rainfall, the scarcity of statistics, and the unexplored 
and uninhabited condition of the country. 

(/) That where the rainfall was not known, but was not likely to 
be affected by any local element, it should be taken as diminishing 
gradually from the coastal range inwards, at the rate of about 
1 inch for every 30 miles. 

(g) That where no regular record of the rainfall had been kept 
the following distribution should be assumed, viz. : — 



Per C«nt. 

January 

February 

March 

April 1 

May 6 

June 28 



Per Cent. 

July 27 

August 19 

September 11 

October 3 

November 

December 5 



The quantity and distribution of the rainfall was computed from 
records kept in various parts of the colony, and the evaporation 
from statistics for somewhat similar climates. Experiments have 
since proved the allowance for evaporation and absorption to be 
fairly accurate, and further confirmation is supplied by the 
following information extracted from the West Australian of 
8 April, 1899— more than 4J years after the estimate was made- 
given on the authority of Mr. W. E. Cooke, the Government 
astronomer. The evaporation in inches per month, due to the 
action of the sun and wind, from a freely exposed surface of water 
at Perth and Coolgardie respectively was found to be as follows : — 



Month. 


At Perth. 


At Coolgardie. 


November, 1898 . 


Inches. 
7-18 


locbes. 
1112 


December, „ 


1012 


14-88 


January, 1899 . . 


11-45 


12-28 


February, „ . . 


1010 


11-40 


March ,, . 


7-46 


10-89 



Total for Bumn[ier at Perth, 4Q'31 iqohes ; at Coolgardie, 60 '$7 inohe^. 
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and 7,470,000 gallons capaoity at Canderdin and Merredin, the 
contract prices being £3,000 and £3,500 lespeotiTelj. About 
the time these tanks were completed it was determined to bay 
the contractor's tank at Kellerberrin. This was effected for 
the snm of £1,200, and a number of improvements to it were 
immediately put in hand under the Author's supervision. The 
puddle banks on the rocks were replaced by stone walls; the 
bottom of the tank was taken out to a uniform depth ; the sides 
were straightened and the banks raised ; pitched by-washes were 
put in at the previous bank level; the portions of the banks 
likely to come in contact with running water were pitched with 
granite set in cement, all other portions being covered with 
9 inches of metal broken to a 2j^inch gauge, and the whole tank 
was fenced. 

In 1895 the Author formulated a scheme, which he was directed 
to carry out, for bringing water into the Cnnderdin, Parker's Bead, 
and New Zealand Gully tanks. This involved enlarging and 
draining the catchment areas at Cunderdin and Parker's Road, 
filling in the costeen pits and alluvial diggings, and draining the 
catchment area at New Zealand Gully. Work was begun in 
November at Cunderdin and in January, 1896, at Parker's Road 
and New Zealand Gully. In nearly all cases contour drains were 
run, liaving a fall of G inches per chain, the country draining 
into them through existing creeks or drains having a very 
steep fall. The Author deemed this to be necessary on aooount of 
the friable nature of the soil and the long intervals of fierce heat 
and drought, not infrequently lasting for months. At Cunderdin 
it was thought advisable to drain about 40 acres of rock and other 
gathering ground located in the adjoining valley. To accomplish 
this a tunnel, 38 chains in length, had to be driven through the 
separating ridge. The rocks were walled in, and were connected 
to each other, and finally to the approach to the tunnel, by a large 
open drain pitched with granite set in cement where it passed 
through sandy soil or along embankments. By working simul- 
taneously at fourteen faces with three shifts of men this part of 
the work was completed early in March, 1896, and during a heavy 
fall of rain in that month the reservoir, the capacity of which was 
increased during the construction of the tunnel from 6,800,000 
gallons to 12,200,000 gallons, received 8,000,000 gallons of water. 
The catchment area was increased from 267 acres to 550 acres. 
The catchment area at Parker*8 Road was similarly drained and 
enlarged from 187 acres to 1,150 acres. 

During the progress of this work the Author was entrusted to 



250 8HISLDB ON THB WATSB-SUPPLT ON THB [Selected 

on both sides of the bank was identioaL The paddle was kept about 
3 inches to 12 inches below the surface of the bank, and no planking 
being used it was well punned into the sides of its trench. 

When paying wages at the rate of 9a. per day for nayries, 
£l per day for a foreman, lbs. per day for a ganger, and £10 per 
ton for horse-feed, if the average lead did not exceed 8 chains to 
10 chains, banking usually cost about 6l^d. to ll^d, per cubic yard, 
and puddle slightly more. 

Work was started about the middle of October, 1897, and was 
practically finished by the end of January, the reservoir being 
filled during the ensuing winter. This reservoir has proved of 
great value to the railway, furnishing, as it does, a practically 
unlimited supply of good water. The streams feeding it flow for 
about 4j^ months in the year. 

Spencer's Brook is the meeting-point of the railway lines from 
Perth, Albany and the Ooldfields; the railway station is about 
72 miles from Fremantle. Towards the end of July, 1895, the 
Author selected a branch of a large creek joining the Avon about 
a mile above the brook as a suitable site for a reservoir to supply 
the railway with water: surveys, drawings, and specifications 
were made, and, after the lapse of some months, tenders were 
invited ; the contract was carried out under the Author's super- 
vision. The reservoir contains 21,000,000 gallons; work was 
begun in May, 1896, and was finished about the end of March, 
1897. The catchment area is 1,200 acres. All the dimensions 
and slopes of the banks, etc., were the same as already described 
for Chid lows reservoir, with the exception that 1 foot thick- 
ness of metalling, broken to a 4-inch gauge, was placed on the 
3 to 1 slope of the bank, and couch grass was planted on the 
2 to 1 slope. Gravel was used at Chidlows because of its abun- 
dance. On account of the tendency of hand-pitching to become 
undermined by the wash of the water, broken metal was used for 
pitching on the water faces of almost all the banks not in contact 
with running water; in the latter case stone-pitching set in 
cement-mortar was used. PitchiDg, of the type described by 
Mr. W. L. Strange,^ in his Paper on "Reservoirs with High 
Earthen Dams in Western India," would, in all probability, meet 
every requirement ; but no opportunity of trying it, or of ascer- 
taining its cost, has occurred. The puddle was almost entirely 
bottomed on rock, a core-wall being built, as already described. 
The by- wash rose with a slope of 1 in 50 to the crest, which was 
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Tablb in.— BAnnrALL in thb Kobtham-Menziks Dutbiot. 



Place. 



BalnfAlL 



DuratioD. 



Qu&ntitj 
CoDserved. 



Bulla Balling 
Boorabin . • 
Kaialee . . 
Koorarawalyee 
Yellowdine . 
Bouthem Giom 
Parker's Boad 
Bodallin . . 
Borraooppin . 
Merredin . . 
Kellerberrin . 
Taaunin • • 
Cunderdin 



Parker's Boad 
Bodallin . . 
Kellerberrin . 
Tammin . . 
Cnnderdin . 



Woolgangie 
Karalee 
Tellowdine 
Bodallin . 
Tammin . 
Cnnderdin 



Kellerberrin 
Tammin . 
Cnnderdin 



Bardoo . . 
Bulla Bulling 
Woolgangie . 
Boondi . . 
Boorabin . . 
Karalee . . 
Tellowdine . 
Koorarawalyee 
Southern Cross 
Parker's Boad 
Burraooppin • 
Merredin . . 
Kellerberrin . 
Tammin . • 
Cnnderdin 
Northam • 



Week ending 5 October, 1899. 

Inches. i 
015 ' 
0-06 i 
007 
0-28 
0-82 
0-25 
0-34 
0-26 
0-24 
0-44 
0.34 
0-55 
0-70 



Hours. 
10 
17 
20 
20 
85 

•• 
Ugfatshowv 

t> 
») 



Week ending 12 Odober, 1899. 



0-20 

Nil 

0-21 

0-54 

0-45 



22 

7 



2 
NU 



Week ending 19 October, 1899. 

0-05 



0-20 
0-17 
07 
04 
24 





0- 

0' 



Light shower 
27 
13 



25 
37 
20 

2 
30 

4 



Weeic ending 26 October, 1899. 

0-23 



0-29 
0-21 



Week ending 2 Novembery 1899. 



1 





1 



1 
1 





1 
1 





33 
95 
.95 
•93 
•00 
•93 
•20 
•24 
•49 
.80 
•82 
•02 
•45 
•97 



3 
8 

Si 



3 
3 
3 
3 
3 
3 
3 

• • 

2 

4 

3J 

4 

5 

4J 

^\ 



Gsllons. 
Nil. 



» 



92,000 
Nil. 

42*000 

Nil. 
295,000 

60,000 
144,000 
433,000 



Nil 

30*000 

Nil. 

54,000 



15,600 
261,000 
33,000 
Nil. 
>» 



120,000 
NU. 
54,000 



2,045,000 
1,061,675 
2,611,600 
1,076,000 

934,467 
1,084,600 

293,000 
97,300 

300,000 

290,000 
1,700,000 
2,660,000 

200,000 
5,300,000 
1,000,000 
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(Paper No. 3293.) 

" Note on the Working of Sand Filters." 

By Hbnby Fillmer Edtter, M. Inst C.E. 

The object of the following oommnnioation is to draw attention 
to a praotioal improvement in the working of slow sand filters, 
which has resulted in greater economy and oonvenienoe, and 
virtual increase of the capacity of existing plant. 

The designation *' slow sand filters " is used to distinguish sand 
filters of comparatively large area, operated by gravitation, from 
those sand filters of comparatively small area in which mechanical 
means of agitation and reversal of the current for the purpose of 
cleaning are made use of. The latter class may be subdivided 
into two types — namely, that in which the water is passed through 
the filter by gravity alone, and that in which additional pressure 
is used to accelerate the fiow. With these two types of filter 
coagulants are usually employed. Although filters of the latter 
class are in use to a considerable extent — especially in America, 
where, in the Northern States, the climatic conditions are too 
rigorous to permit of the convenient working of exposed filters — 
yet by far the greater quantity of water filtered through sand is 
treated in open beds of large size. 

A few years ago it was believed that the function of the sand 
in filters was quite a secondary one — that the sand was merely a 
porous structure convenient for upholding the surface film, on 
which the efficiency of the filter actually depends. It was stated 
that the formation of this film on the surface of the sand should 
be promoted by subsidence after each cleaning of the filter ; that 
the subsidence should be prolonged for several hours before the 
filter was again set to work ; that the integrity of the film should 
be maintained with the greatest care ; and that its rupture would 
be followed by immediate deterioration of the filtrate from a 
bacterioscopic point of view. In the practical working of open 
filters the maintenance of the surface film is impossible. In the 
summer months the gases generated among the low forms of 
vegetable life which grow on the surface of the sand float these 
matted growths to the surface of the water, thus frequently 
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Fig.l. 



in order to ensnre that the whole body of sand below the film 
shall be folly charged with water. After the diBtorbanoe of the 
surface the filter is again allowed to stand idle for a period of 
6 honrs. The latter precaution is found in practice materially to 
increase the farther life of the filter. The result of disturbance 
of the surface is often curious. A filter which shows signs of 

blocking up within 5 days or 6 days 
after cleaning will, after treatment, fre- 
quently work for 3 weeks or 4 weeks before 
requiring further disturbance, although 
the character of the water supplied to it 
may remain identical. In the case of the 
filters under consideration, it is found 
that disturbance can be effected two or 
three times before cleaning becomes neces- 
sary. 

The apparatus used consists of a broad rake composed of a thin 
strip of iron riveted between two light angle-bars, Fig. 1. The 

Figs, 2, 




aEcrior* of orao. 
Scale, • Inches = 1 foot. 




ELEVATION. 




PLAN . 

Scale, £ inch = 1 foot. 



lower edge of the strip is slightly serrated to prevent the rake 
from slipping over the Buifac© oi Wv^ ^TCi^\>i)£iw\X,\st^^\L\\i^ it up. 
On each side is a handle of V^ndi xoxm^ vcorv (^\g%. *2^JA^ ^Vv^ 
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a light rope is attached, of a length somewhat greater than the 
width of the filter. The weight of the rake in air is 40 lbs. 
The rake is pulled backwards and forwards across the filter 
by two men, and is shifted laterally a distance equal to its own 
width each time it reaches the retaining wall. 

The Author is aware that similar methods have been in use for 
many years in some filter plants, but he finds that in many 
installations the advantages of disturbance of the film are 
unknown, and in cases where that treatment has been adopted 
it has neither been carried out systematically, nor with the 
precautions which he suggests. 

The Paper is accompaniol by a tracing, from which the 
Figures in the text have been prepared. 
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Raw Sswaok. 
(Expreased in parts per 100,000.) 



Total ^,^" 

8«»<^- is!: 



190-75 76-75 10-18 



Oxygen 
Absorbed 

in 4 
Houn. 



Free or 

Saline 

Ammonia. 



1-89 



Albumin- 
oid Am- 
monia. 



Chlor- 
ine. 



1-91 



12-6 



Nitrites. 



! AlkaUnlty 
Nl- Phos- : aaCfti^ 
trates. ' i^tea. bonate of 

Lime. 



None None I *???* 



10-0 



The supernatant water from the limed sewage was drawn o£f 
and the resultant sludges were analysed. 



Sludgbb. 



I 


Ash per cent, of 
the Dry Matter. 


SIndge in Tons per 
1.000,000 Gallons. 


Grains per Gal- 
lon (^Canstte 
Lime need as 
PrecipiUte. 


2-87 
1-78 


4-75 
5-35 


65-7 
541 


128-82 
79-41 


50 
30 



The solid matter in the sludge is small and below the average, 
which is 10 per cent. Sludge obtained by precipitation without 
lime yields 10*7 tons per 1,000,000 gallons, of which 10 per cent, 
are solids. The sludge obtained by the lime precipitation experi- 
ments was placed in a small earth pit and parted with its 
superfluous water rapidly, and there was no smell from it after 
lying for some time. 

The chief difficulties encountered at the sewage farm may be 
classified thus : — 

1. Danger of foul smells arising when sewage is being delivered 
on to the farm, whilst on the surface, and from ventilating pipes 
and manholes. 

2. The tendency for the ground to become sewage-logged. 

3. Difficulties of cropping and general management of filter- 
beds. 

4. Black deposit in subsoil-drains and growth of sewage-fungus 
in the river. 

It has already been mentioned that the rapid evolution of foul 
gases, particularly sulphuretted hydrogen, is one of the pecu- 
liarities of Burton sewage. So bad was this in 1892, before the 
application of lime, that an action was brought against the 
Corporation and substantial damages obtained by a person who 
experienced a nuisance 5 miles away from the farm ; it was in 



276 BMITH ON THE SBWXRAOB ASD BBWAGB DI8PO6AL [Selected 

efflnentrpipes, and the flooonlent slime was thereby arrested and 
found to be akin to the larger fragments already referred to. A 
sample of this deposit in the drains was found on analysis to con- 
sist chiefly of ferrous sulphide, organic matter and mineral matter. 
It was discovered that far more of this deposit existed in the 
drains of newer and more porous plots than in an old plot which 
was capable of filtering only one-quarter of the sewage of the 
newer plot, the drains in the old bed being absolutely free from it 
The older beds, filtering more slowly, arrested all the solid matter 
on the surface, and admitted of more natural changes in purifica- 
tion. The newer and more porous beds were found to filter four 
times as quickly, and had consequently been overdosed. The 
sewage being at this time treated to a minimum of 50 grains of 
caustic lime per gallon, would contain a large excess of carbonate 
of lime and would carry the more finely divided suspended organic 
matter, together with fine marl, right through the subsoil into the 
drains. This filtrant, having passed too rapidly through to be 
thoroughly purified, admitted of the decomposing bacteria acting 
upon the organic matter containing sulphides, forming sulphu- 
retted hydrogen, which combined with the iron known to exist 
in large quantities in the land, and formed a black deposit of 
sulphides of iron. This difficulty, fortunately, has now been to a 
large extent overcome. The effective filtering area of the farm 
has been increased from 362 acres to 515 acres, an increase of 42 
per cent. The whole of the sub-drains have been cleaned out, and 
are now thoroughly aerated. The reduction of the quantity of 
lime used and careful attention to flooding have tended to the 
abolition of this difficulty. 

The effluent is of a fairly high standard, an average sample 
containing : — 

In parts per 100.000. 

Total suspended matter 2*8 

Oxygen absorbed at 80° F. in 4 hours . . . , 1"3 
Albuminoid ammonia 0*13 

Although a fairly good effluent is obtainable by the present 
system of intermittent filtration, the reduction of albuminoid 
ammonia being considerable, no nitrification takes place. It 
would seem that the peculiar character of the sewage entirely 
prevents .this. Many experiments have been tried in order to 
produce an effluent containing nitrates or nitrites, but without 
success ; amongst others was a rough laboratory experiment of the 
septic tank process, but this failed in its object. 

An experimental coal-filter has now been constructed at the 
farm at a cost of £350. It coi^sists of a rectangular tank of cement 
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oonorete, meastmng 40 feet by 20 feet, having the sides and bottom 
rendered internally, Figg. 3. Drain tilea are laid in the bottom, 
4 feet apart, each being brought np through the wall for aeration. 
The iiale filtering medium is oonl, of various sizes and depths, 
viz., 3 inohes of ooal over the top of the draiu>pipes, retained on 

Fig*. 3. 
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through the spreaders. The sewage used in this experiment is 
limed with 40 grains per gallon in the ordinary way, passed 
through tanks where the solid matter is precipitated, then, passing 
through a roughing filter of ooke, flows in an open channel a 
distance of 175 yards to a gauging-chamber, which reg^ulates the 
flow of sewage on to the filter to 200 gallons per square yard per 
day. This gauging-chamber is 9 feet above the level of the coal, 
which is the head required to cause the water to leave the spreaders 
in jets to cover the whole area of the filter. The filter was first 
used on 19 October, and has been in daily use since. It is worked 
and rested for 12 hours alternately. Samples of the sewage, before 
and after filtration, have been analysed every third day and a very 
satisfactory result is obtained. There is a reduction of free ammonia 
of 90 per cent., and a reduction of albuminoid ammonia of 80 per 
cent, the effluent containing 0*055 and 0*05 parts per 100,000 re- 
spectively. Up to the present, and it has been working for 20 days, 
there is absolutely no trace of nitrates. The increase of the amount 
of chlorine in the effluent for a few days is worth recording. On the 
second day there was an excess of chlorine in the effluent over that 
in the sewage of 40 per cent., on the fifth day an excess of 15 per 
cent, and after 12 days there was an excess of 10 per cent This 
excess of chlorine was no doubt derived from the coal, as chlorine is 
generally present in vegetable juices. It is too early yet to form 
a definite idea of the action of this filter or its ultimate efficiency. 
At present the coal seems to be a powerful oxydising agent, and 
the purification seems to be the effect of oxidation rather than a 
bacterial process. As a bacterial filter, however, it has not yet 
had a fair test, and perhaps it has not had time for the necessaiy 
bacterial culture. 

The works referred to in the foregoing Paper have been carried 
out by Mr. James Mansergb, President Inst. C.E., Mr. J. E. 
Swindlehurst, M. Inst C.E., and Mr. G. T. Lynam, Assoc. M. Inst 
C.E., while chemical observations have been made by Professor 
Dewar and Messrs. Matthews and Lott, to all of whom the Author 
is indebted for plans and particulars to which he has had access in 
compiling the Paper. 

The Paper is accompanied by drawings from which the Figures 
in the text have been prepared. 
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requefit in arbitration cases, but he g^radoally withdrew from this 
class of work and devoted himself to the study of astronomy, and 
to the improvement of his many and various patents. In the 
early sixties he patented a rifl^ shot, which was tried at Landguard 
Fort, and as late as October 1887 he took out a further patent 
for rifled shot. 

In 1883 Mr. Biddell was invited to join the board of the Ipswich 
Gas Company, and entered with characteristic energy into the 
details of the working of the concern. In 1895 he was elected 
Chairman of the Company, and held that post until his death, 
which took place at his residence. Upland Gate, Bishop's Hill, 
Ipswich, on the 23rd June, 1901. Hr. Biddell was a most 
lovable man, of high principles and sterling worth, and is greatly 
missed in the district in which he lived. He was for forty-six 
years Warden of Holy Trinity Church, Ipswich. 

Mr. Biddell was elected an Associate of the Institution on the 
6th March, 1849, and was transferred to the class of Members on 
the 17th April, 1877. 



THOMAS CURTIS CLARKE, bom on the 26th September, 1827, 
at Newton, near Boston, Massachusetts, was educated at Boston 
Latin School, and at Harvard College, where he graduated in 1848. 
His preliminary training as an engineer was obtained from Captain 
John Childe, of Springfield, Mass., under whom he was engaged 
on various railway surveys. After spending some years on 
various railways in the United States, and in Canada, he made a 
special study of bridge building. 

As an engineer of great ability in the construction of bridges, 
Mr. Clarke soon became widely known. One of the first of his 
works in that direction was the building of the Chicago, 
Burlington and Quincy bridge at Qaincy, Illinois, which spans the 
Mississippi. This bridge Mr. Clarke built without the interven- 
tion of contractors, except for the ironwork. He designed all the 
machinery and plant, and was so successful that, in spite of a 
season of unusually high water, he opened the bridge for traffic in 
fifteen months after the beginning. Mr. Clarke was the senior 
partner in the firm of Clarke, Eeeves & Co., of Phoenixville, Pa., 
which afterwards became the Phoenix Bridge Company. That 
Company carried out work all over the United States, comprisiug 
not only many of the most important bridges that have been built 
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shuddered when he thought of some of his early bridges, with 
long, slender cast-iron posts, slight lateral bracing, and totally 
inadequate pin-oonnections, even the floor girders being of the 
latter type, instead of the heavily-riveted low-stressed type which 
he lived to see substituted in all American bridge-work, as he also 
saw each country gradually introduce the good points of the 
other's practice, so that no vital difference now distingnishes 
European and American bridges." 

Mr. Clarke was elected a Member of the Institution on the 
5th May, 1874. In 1878 he contributed a valuable Paper entitled 
" The Design generally of Iron Bridges of very Large Span for 
Bailway Traffic,^ for which he was awarded a Telford medal and 
Premium. 



CHARLES de NEUYILLE FOBMAN, bom in Glasgow on the 
10th August, 1852, was the eldest son of the late Mr. James B. 
Forman, whose death took place in July, 1900. The subject of 
this notice was educated at Qlasgow High School, at private 
schools in St. Andrews, London and Edinburgh, and at Glasgow 
University. From 1867 to 1872 he served an apprenticeship with 
the firm of Forman and McCall, and in 1873 he was employed 
under the late Mr. James Deas, Engineer of the Clyde Trust, who 
was at the time engaged on the construction of the Q aeon's Dock. 
Be turning to the office of Messrs. Forman and McCall in 1874, he 
was admitted as a partner in the following year, the style of the 
firm becoming Formans and McCall. 

Mr. Forman early developed strong commercial instincts, and a 
clear insight into the principles which regulate trade, and with 
the aid of the opportunities afforded by the associations of the 
firm, he soon obtained prominence as a leader in railway 
enterprises. He carried with him a strong power of conviction, 
was naturally resourceful, and possessed an unusual command of 
details, coupled with which qualities he had a keen perception of 
character, with great determination and energy of mind. The 
firm has been continuously associated with the development of the 
railway system of the west of Scotland, and through Mr. Forman*s 
energy and ability this undoubtedly received a decided impulse ; 
in various instances long talked of enterprises were formulated, 
successfully conducted through Parliament, and eventually canied 
out under his guidance. 
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Glasgow Central line and traverses the north bank of the Clyde 
between Glasgow and Dumbarton, connecting the Caledonian 
Bail way with the riverside lands, and bringing the coalfields and 
steel works of Lanarkshire on that Company's system into direct 
communication with the shipbuilding and other industries below 
Glasgow. Forming as it did a direct invasion of the North 
British Bailway Company's territory, the enterprise demanded 
unusual skill in its promotion. The extraordinary development 
of the lands for public works along the route of the line since its 
opening has fiilly justified the evidence laid before Parliament. 
The construction of these lines involved a considerable extent of 
intricate tunnel and city work. 

Besides having carried out various minor lines, Mr. Forman had 
in hand at the time of his death the construction of extensions 
of the Lanarkshire and Ayrshire Eailways, which afford that 
Company an independent access between the Lanarkshire coal- 
fields and the port of Ardrossan, the Paisley and Barrhead 
district railways connecting the last-named line with Paisley 
and its environs to the south and west. Also the Invergarry and 
Fort Augustus Bailway — this last being the outcome of repeated 
efforts to obtain the extension of the West Highland line to 
Inverness. 

Mr. Forman's last efforts were directed against the monopoly 
claimed by the Clyde Trustees, as custodians of the Biver, to 
control the power to construct docks thereon, and the prolonged 
contest extending over three Sessions, and the ultimate passing 
of the Benfrew Dock and Harbour Extension Bill, to which he 
devoted the greatest energy, are characteristic of his great deter- 
mination and ability in this particular sphere. 

By his constitutional activity of mind, which permitted no rest, 
and his devotion to work, Mr. Forman was led to disregard his 
bodily requirements, and though naturally of a strong and sound 
constitution, the strain and lack of recreation began to take effect 
in 1898. With the accumulation of bis personal responsibilities 
at this time, however, he did not allow himself opportunity to 
sufficiently recruit his strength, and the prolonged Parliamentary' 
contest with the Clyde Trustees, carried on concurrently with his 
other work, was a severe tux on his health. 

In the summer of 1900 ho was seized, while in Spain, with an 
attack of paralysis, notwithstanding which he still pursued his 
work. This attack being soon followed by other warnings in 
October of that year, he was forced to suspend work aod seek rest 
abroad. His health, however, continued to fail, resulting in his 
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Indian Public Works Department. Some of those who began 
their railway work under him have held, or are now holding, 
t he highest posts in that branch. 

On the completion of the Rajputana Bail way Mr. Fumivall was 
attached to the Government of India as Under Secretary in the 
railway branch, and afterwards he went as Joint Secretary to the 
Government of the North West Provinces at a time when the 
local railways were administered by the local government. 
Snbseqnently he had charge of the construction of the Bengal 
Central Railway, and of the extensions of the Nizam's State 
Railway, as well as of the working of the open line. Mr. Fumivall 
left India in 1890 after nearly thirty years of valuable and 
important work in that country, and returned to England full of 
health and energy. He eoon found work which would have taxed 
the energies of much younger men, and until quite recently he 
travelled frequently to Italy and Sardinia, in connection with the 
supervision of important works and mines. 

Mr. Fumivall died at Broadstairs on the 16th May, 1901. His 
abilities as an engineer, and his qualities as a friend and a chief, 
endeared him greatly to these who knew [him, and specially to 
those who had served under him. To them his sudden death is a 
great loss. 

He was elected a Member of the Institution on the 2nd 
December, 1862. 



FRANK OWEN, second son of the late Mr. William Owen, of the 
Foreign Office, and grandson of Sir Richard Owen, was bom on 
the 13th July, 1869. After attending lectures at the Royal 
School of Mines, South Kensington, he studied practical mining 
at the East Pool and the TolguUow United mines in Cornwall in 
1885 and 1886. During the following year he was a pupil of 
Mr. Benedict Kitto, assayer and analytical chemist, and in 1888 
he returned to Cornwall and went through a course of mining 
surveying under Mr. James Henderson, of Truro. 

In 1889 Mr. Owen assisted in an examination of the Mount 
Morgan Gold Mine in Queensland. From 1890 to 1894 he was 
Assayer and Reduction Officer at the mines of the Frontino and 
Bolivia Gold Mining Company in the United States of Colombia. 
He then filled a number of professional engagements, examining 
and reporting on gold, copper, tin, lead, zinc, and coal mines for 
London firms and companies, in the performance of which work he 
visited Norway, Spain, Mexico, the United States, South Africa, 
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CHAELES EDWARD STEWART was bom on the 6th Decem- 
ber, 1849, in Londonderry, Ireland, where his father held the poets 
of Secretary to the Londonderry Port and Harbour C!ommifisionerB, 
the Londonderry Bridge Commissioners, and the Londonderry and 
Lough Swilly Railway Company. The subject of this notice, after 
being educated at Foyle College, Londonderry, the Royal School, 
Dungannon, and Trinity College, Dublin, served a pupilage to the 
late Mr. Robert Collins, to whose general practice he succeeded on 
the latter*s appointment as Engineer of the Belfast and Northern 
Counties Railway in 1875. Mr. Stewart also succeeded Mr. Collins 
as Engineer to the Londonderry Port and Harbour Commissioners, 
Engineer to the Londonderry and Lough Swilly Railway Com- 
pany, and City Engineer. 

In his capacity of Engineer to the Londonderry Harbour Board 
Mr. Stewart had charge of extensive works of the usual description 
in a port having a long navigable channel. He also built and 
kept in repair quay walls, tramways, wharves and transit sheds, 
and several lighthouses ; the most important being a screw-pile 
lighthouse in an exposed part of the Lough, fitted with an occult' 
ing dioptric apparatus. As Engineer of the Londonderry and 
Lough S^villy Railway, be relaid most of the line with new steel 
rails, and on the gauge of the railway being altered from 5 feet 
3 inches to 3 feet, he made such arrangements that he was able to 
alter the gauge of 12 miles of line between Saturday and Monday, 
without interrupting any but the Sunday traffic As Engineer to 
the working company, ho also superintended the construction of 
the Letterkenny Railway, Co. Donegal, in the years 1881, 1882 
and 1883, and subsequently took charge of its maintenance. 

As City Engineer, Mr. Stewart designed and carried out several 
new schemes for the Corporation of Londonderry, the most im- 
portant being a main sewerage scheme in 1883, an extension of 
the water-supply, involving the construction of a large impound- 
ing reservoir in 1884, 1885 and 1886, and a smaller extension in 
1887 and 1888. 

Among the more important works Mr. Stewart carried out in 
his general practice were a water-suj^ly for Buncrana, Co. Done- 
gal in 1884, and in conjunction with Mr. E. McNeilage, the pre- 
paration of Parliamentary plans for a light railway, 18 miles long, 
from Buncrana to Carndonagh in the same year. The contract 
plans were subsequently prepared; but owing to financial diffi- 
culties the construction of the line was not then proceeded with, 
though it has since been carried out by the Board of Public 
Works. 
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CHABLES STBOUD WILLIAH8. ham on the 8th Angiut, 1849, 
wui the Bon of the late Kr. Jamea TmUaau, Arohiteot and Snr- 
T^or, of 12 Hoiiteg;n« Street, Bnnell Square, Xjondon. After 
being ednoated at Herohant Tajlon" School and at King** Oolite, 
London, he became an articled pupil to the firm of Utemta. lEkston 
and Amoe, of Sonthwark and EriUi. Sabeeqne&tly he joined the 
firm of HCeaara. Shaw, Head and Campan;, of Gannon Street, oon- 
BtmOtive engineers, and on the diasolutian of that firm, entered 
into partnership with Mr, Thomas Howard Head, and eventually 
■nooeeded to the baeiueBS, oanyiog it on under the style of Charles 
Williams and Company, of Millwall and Westmiaster, in partner- 
^p with VLt. Hugh Stantgn. This firm was diasolTod in 1869, 
since which date Ur. Williams ceased to have any oonneotion with 
the engineering profession. He died at Ingoldaby MauaioTiB. 
Avonmore Boad, Kensington, on the 11th April, 1901. 

Mr. Williams was elected an Associate of the Institation on ti.e 
4th May, 1875. " 



*,* The following death has also been made known nnce the 
23rd July, 1901 ;— 

Member. 
TuoiUB, JosEFB ; died 14 ADgut, 1901. 

Information as to the career and charaoteristioa of the above is 
solicited in aid of the preparation of an Obituary Notice. — Sec. 
Issi. C.E., 30 August, 1901. 
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In 1898 the traffic on the central section had already increased 
to five trains per day each way— one for emigrants, two for 
construction, and two for general traffic. 

Two Tables are given of particulars of the girder bridges. 
Uie Baikal Bailway. — The main line from Irkutsk round the 
south end of the Baikal Lake will take some time to build yet. 
Meanwhile, a line has been carried down to the lake shore, 
42^ miles long, at a cost of £6,654 per mile without rolling stock. 
The trains are carried across the lake — 42 miles— on an ice- 
breaking ferry steamer. There are two such. The larger one 
has 4,200 tODS load displacement, and 3,750 LHP.; it has two 
screws aft and one forward, and it breaks through ice 34 inches 
thick, with 8 inches snow-cap, at the rate of 3 miles per hour to 
6 miles per hour. The smaller ice-breaker has a load displacement 
of 1,000 tons. A floating dock has been provided for repairs to 
these vessels. The length of the line round the south end of the 
lake is 199 miles — from Irkutsk to Myssovaia— and involves 
many tunnels and other heavy work along the rocky shores of 
the lake. 

The Trans-Baikal Bailway starts from Myssoviua, and is 
687 miles long. The first part is very mountainous, involving 
heavy work and steep gradients. The line as originally projected 
has not been carried beyond Stretensk, which is now the terminus. 
From here the steam navigation starts down the Ghilka and the 
Amur. At Chilka the main line diverges to join the Eastern 
Chinese Kailway, and is now practically finished. The Trans- 
Baikal Railway was commenced April, 1895, and opened for 
regular traffic July, 1900, and cost £11,158 per mile, without 
rolling stock. The population of the district is extremely small, 
and the climate very severe. The principal article of transport is 
tea from Kiakhta, amounting to 27,438 tons per annum. ITiere 
are seven fair-sized girder bridges on this line, and a great many 
timber ones. 

On the Ti-ans-Baikal portion an additional hindrance to the 
work was the Siberian cattle plague, which carried oflf nearly all 
the horses. This yielded ultimately to scientific treatment. Ex- 
cept timber, of which there was plenty of excellent quality, all 
materials had to be brought from Vladivostock to Khabairovka, 
and thence up the Amur. On the whole, the work was heavy — 
in cutting through hard and rocky ground, in retaining works 
as protection against river erosion, and in culverts and bridges. 
Owing to the floods in the short summer, much of the work had 
to be done in winter, entailing novel and ingenious arrangements 
to contend with the intense cold of these regions. Caissons 
for foundations were made of timber. The mineral riches of 
this region are phenomenal. On the Chinese Frontier Branch — 
215 miles long — there are fifty-three metal bridges, and double 
the number of timber ones. The construction was commenced in 
1899, and is to be completed in 1902, The estimated cost is 
£12,492 per mile, without loWin^ «A.OQk. "YV^ \^^^ w^ Tl V\i^. ^^er 
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tenpentnie only rises 77° F. sbora tli 
onrrent empli^ed when ninning light ' 
*  ■»; Oe ; 



snd ilie energy lost 4,200 wstte ; t&e mazimnm onnmit on abtat 
(dnmit is 800 uDpeies at 600.T<Jta. The diunoteristio oorves snd 
also other enrres sre given in n ditgnun in the originsL The 
winding of ihe indndng part is ansnged in 108 DOtohes,eaoh with . 
three iMda, and the Author gives detuls of the subbs and anange- 
nent of the wires. The eoei;^ developed is transmitted from eadi 
motor through a worm to a pinion whioh gears with another upon 
the driving axle. The ratio is 12*66 : 1, so that at the Qormsl 
speed of the motors the ennne travels at 4' 8 miles pw hour. To 
one of the motors is ooaplM direot a small dx-pole direct-onrrent 
dynamo developing 26 volts and 150 amperes. The oarrent pn^ 
daoed is sent throagh the field windings of the main motors wuen 
desoending the inoliue, and thus the motors become ordinary 
tri-phase goierators. 

lite kxmnotive was bniltby the Sohweizerisohe IxtkomotiT- nnd ' 
Uasohinenfabrik in Winterthnr, and it has been tested with the 
following results. 

The total weight of the locomotive is 18*4 tons. For the trisls 
one wi^on of 4-1 tons weight and a passenger oar weighing 3-9 
tons with a load of 6*2 tons were used, ao that the whtde train 
weighed 27' 6 tons. 
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a limit is reached when no increase of strength is obtained, and 

this line stands in a fixed relation to the reciprocal value of -. In 

conclusion the Author states that the determination of the value 
of C awaits further experiments. In spite of the valuable re- 
searches of Back and Bauschinger, there are still wanting, especially 
as regards flat steel, similar experiments with Bessemer, Thomas, 
Siemens, and puddle steel. 

W. A. B. 



Bessemer Steel in Bailtoay Bridges. P. Joostino. 

(De Ingenienr, 1901, p. 33.) 

In Holland, before the year 1880, Bessemer steel was very gene- 
rally used for the cross girders and rail-bearers of railway bridges ; 
the main girders, however, being mostly constructed of wrought 
iron. In the specification for the two materials the bending tests 
were alike ; the tensile strengths required were 36 kilograms per 
square millimetre for the wrought iron and 60 kilograms to 
65 kilograms for the steel (23 tons per square inch and 38 tons to 
41 tons per square inch). 

There had been difficulty in getting steel to come up to the 
standard desired, the metal supplied having been veiy irregular in 
quality. Some small test girders that were built of steel broke at 
stresses calculated to be about half the strength of a plain bar. 

Although the results of the tests were unfavourable, there was 
no serious doubt of the safety of the bridges for several years after 
construction, and although cracks were observed in some parts 
these were simply cut out and replaced by whole metal. 

Serious alarm was occasioned, however, when it was discovered 
that in the bridge over the Eoningshaven, at Feijenoord, one of 
the rail-bearers was nearly broken in two, both the bottom flange 
angles and the web plate being completely separated. The bridge 
is about 700 feet long in three spans, two fixed and one draw 
span. On investigation, over eighty cracks and fractures were 
discovered, the most of these being in the top flanges of the rail- 
bearers. 

The strain in some of the remaining floor girders was measured 
under ordinary trafiic. The highest stresses were found in the 
rail- bearers next the swing span — 10 kilograms per square milli- 
metre (10-16 tons per square inch). The average in the other 
rail-bearers was about half this amount. 

The metal of the broken girders was tested for strength and 

also subjected to chemical analysis. Judged by the results of 

these tests the metal was not entirely inferior, but was wanting in 

uniformity ; and the limit of elasticity was very high, sometimes 

rising to four-fifths oi t\ie \i\t\ma.l^ ^^Vt^ti^XJcl. 

The whole of the floor g\T(\^T^ \w ^i>c^^ ^^^ ^^^^ '?^'^^\\^^^-t^ \-^'^^ 
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gram and 1*7 kilogram per square millimetre, against I'O kilo- 
gram and 2*85 kilograms per sqnare millimetre on the outer face 
(0*2 ton per square ineh against 0*63 ton, and 1*08 ton against 
1*81 ton per square inch). 

This twisting of the main girders was attributed to the stiffening 
action of the transverse wind-bracing franies. 

By the use of four elastioimeters at one cross section the true 
longitudinal stress in the piece was derived by simply taking the 
mean of the four readings. The comparison of this mean stress 
with the actual value at each point gives the true effect of secondary 
stresses. In four web members at the north end of one of the large 
span girders the observed stresses exceeded the true longitudinal 
stress by amounts varying from 9 per cent, to 71 per cent. 
Curiously enough, however, the calculated longitudinal stresses are 
higher tnan the true values, and about equal to the maximum 
observed in each of the four members. 

One set of observations on the end cross girder of one of the large 
spans led to the conclusion that it was subjected to a direct 
longitudinal stress and that besides it suffered horizontal bending. 

It was seen also that, in spite of the central supporting of the 
cross girders, the distribution of the load of a train between two 
main girders was not according to the law of the lever, being 
apparently modified by the stiff cross wind-bracing frames. 

The Paper is supplemented by tabular statements occupying a 
dozen pages, giving in detail the whole of the observations made. 

Besides the Author a very considerable jper^onneZ was engaged on 
the work connected with the tests and calculations. 

J. G. 



Stresses in Cross Girders. A. C. C. G. van Hemebt. 

(Tijdschrift Tan het Koninklijk Institnut van Ingenienrs, 1899-1900, p. 1.) 

In a previous communication^ the Author had given a theoreti- 
cal investigation into the value of the stresses in cross girders, 
along with the results of observations. In the theoretical part ho 
had considered the deformation of the rectangular framework 
formed by the cross-girders, vertical struts and overhead cross- 
bracing, but had neglected the effects due to the unequal stresses 
in the inner and outer plates of the main diagonals, the torsion of 
the main bottom flange and the resistance of the lower wind- 
bracing. This he proposed to remedy in the present Paper. 

Before entering on his main subject the Author discusses the 
mathematical theory of the strength of a rectangular framework, 
basing liis treatment on the theory of minimum work, for which 
purpose he takes as the two unknown stresses the direct stress and 
the bojiding moment at the centre of the overhead cross-pieco. 

' TijdBchrift van het Konmk\\3klnBm\i\x\.\wi\Ti^^Ti:\^x3ct^A'^^'\-^^ 
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indicates the maximnm strain. The steel hand is kept tant hy a 
special spring fixed to the pointer and some other part of the in- 
stmment. 

The actual change of length is enlarged forty times at the end 
of the pointer. 

To ohtain a record of the variation of the strain, instead of its 
maximum value only, a pointer is used having a Berlin silver 
point, which scratches its record on a strip of metallio paper wound 
round a drum fixed in position by screws. The rotation of the 
drum is effected by clockwork fixed to any convenient point of the 
bridge and communicating its motion to the drum by cords and 
small pulleys. The same clockwork can be arranged to drive two 
or more drums. 

The article is illustrated by a large number of figures. 

J. G. 



Permanent Way of the StraAwg Tramwaye. 

(Miitheilungen des Vereins deutacher Strassenbahn und Kleinbahnyerwaltungeo, 

1901, p. 169.) 

The system belonging to the Strasburg Tramway Company 
includes considerable lengths both of town and country lines. 

The permanent way of the town lines is of an exceptionally 
heavy character. The rail on which the wheel runs is of the 
Yignoles section, and, instead of a lip on the inward side of the 
space for the wheel flange, there is another rail of somewhat 
lighter section bolted through cast-iron distance-pieces to the 
main rail. The two rails thus united are supported on longitudinal 
metal sleepers. 

The total weight per metre of single line is 167 kilograms, or 
nearly 340 lbs. per yard. 

On the outer town lines the longitudinal metal sleeper is not 
used, and on the light railway section the check rail is, of course, 
dispensed with. 

On the sharp curves an attempt has been made to avoid the 
usual grinding of the wheels against the rails by causing the 
wheel on the outside of the curve to ride on its flange. For this 
purpose rectangular bars of hard steel are placed between the 
main and check rail, and resting on the distance pieces at such a 
level as to make the tread of the wheel clear the top of the 
Yignoles rail. 

With wheels of 750 millimetres (2*46 feet) diameter, and 
15 millimetres (0*6 inch) flanges, a pair of wheels, gauge 1 metre, 
will, when made to run in the manner indicated above, take 
naturally a curve of 25]^ metres (83* 6 feet). 

The sharpest curves on the Strasburg lines are of 18 metres 
(50 feet), and these are traversed with ease by the vehicles in 
ordinary use, which have wheel bases of 1 '8 metre and 2 '4 metres 
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however, oonsiderably altered in exeoation, which began in IJri in 
1893 and in Glarus in 1895, the work being in the charge of 
J. Miiller for Uri and N. Hefti for Glarus. The gradients were all 
kept below 9 per 100. On the Glarus side the Schindler project 
was not entirely followed, as two tunnels of 233 feet and 416 feet, 
near Frtittbach, were adopted, instead of high retaining walls and 
half galleries and about 82 feet of tunnel. 

The total cost has been £69,124 for the Uri portion and £22,560 
for the Glarus part, or about 38«. 3d, and 39«. 9d. per yard 
respectively. 

The State subscribed 80 per cent, of the cost, and also the sum 
of £6,000 to the canton of Uri. The length of the road in the Uri 
canton is 22 * 8 miles and in the Glarus canton 6 * 07 miles, making 
28-87 miles in all. 

The width of the road is 31 * 48 feet, and the actual gradient does 
not exceed 8*5 per 100, except in one place, 328 feet long, where 
it is 10 in 100. 

The Author gives a Table and a number of details of the names 
of the contractors for the various sections of the work, and the cost 
price per yard, with dates of completion. E. E. D. 



The Air-Compressing Works at Billancourt. Georges Caye. 

(La Nature, 20 April, 1901, p. 331.) 

The Paris Omnibus Company has recently substituted mechani- 
cal traction by means of compressed-air motors for the animal 
traction, on a certain number of its tram-lines, representing a 
total length of 57 '78 miles. In order to provide lie power, it 
became necessary to erect important works at Billancourt on the 
banks of the Seine, capable of furnishing 16 tons of air hourly, at 
a pressure of 1,137 lbs. per square inch. There are seven sets of 
aerogens, each of which consists of a compressor and an engine, 
indicating from 650 HP. to 1,000 HP. per unit. The triple 
expansion horizontal engines are designed by Mr. Mekarski, who 
has been entrusted witli the entire installation. Two of the 
cylinders are coupled in tandem and the third is coupled in a 
similar way with the low-pressure air-cylinder. The engine 
cylinders are respectively 20*72 inches, 27*91 inches and 51*18 
inches in diameter ; the stroke is 55*12 inches and the main shaft 
may make from 50 revolutions to 70 revolutions per minute. The 
air is compressed in three stages, and careful arrangements are 
made for cooling and drying. The boilers of the multitubular 
type, supplied by Babcock and Wilcox, have a heating surface of 
2,260 square feet. The feed-water is clarified and heated to 
150'^ C. to soften it. There is likewise a complete electric light 
installation. Illustrations are given of the engines and air- 
compressors. G. K. R. 
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Pttrnping-Station on the Bhine-Mame Canal. I. Hermahuz. 

(Zeitschrift des Yereines dentscher Ingenieure, 1901, p. 145.) 

m 

This canal joins the Rhine and the Shine-Bhone Canal at 
Strasbnrg; the suQimit, 416*67 feet above mean sea-level, is 
surmounted by fifty locks. Four years ago the surflEUse width was 
49 feet with a 32*8-feet bottom and depth of 5*9 feet; since 
then the depth has been increased and the locks lengthened to 
admit SOO-ton barges. Additional pumping-power being necessary, 
the Esslingen Machine Factory was entrusted with the erection of 
two 80-HP. turbines to drive two dynamos, and furnish, throueh a 
2* 30-inch conductor, a current of 900 volts to 1,000 volts to three 
motors, working a high, intermediate and low-pressure centrifugal 
pump. A water-supply of 88 gallons to 330 gallons per second 
with a fall of 85 feet to 36*73 feet is available for the turbine 
which runs at a moderate speed. The entries are on the Muhl- 
berg system, an automatic regulator cuts out the turbine when 
from any cause the dynamo is suddenly relieved. 

The switch-board is provided with volt- and ampere-meters for 
all three machines, besides resistance-regulators, safety-plugs and 
shunts. An illustration of the centrifugal pumps with vertical 
shafts is given. Their performance exceeded that specified in the 
contract. The form of paddle varied slightly from tnat prescribed 
by Hermann. The motion of the paddle causes a slight swirl in 
the inflowing water ; on this account the angle of entry was so 
designed that friction was avoided. The upper edges of the pumps 
are 3}^ inches below the surface, and scarcely disturb the surface. 
Eing-valves close each pump. The Author describes the method 
adopted in ascertaining the volume of water supplied and delivered, 
and a Table is given showing the results obtained with the pumps, 
brake and electrical power. At full pressure 80 per cent, of the 
power generated was eflfective, at three-quarter pressure 75 per 
cent., and at one-half pressure 72 per cent. It was also ascertained 
that turbines, dynamos and motors give the best results when 
worked at a low speed. 

The actual results were even better than those shown in the 
Table, as it was found a leakage of 10 gallons to 24 gallons per 
second took place. 

The general results of the experiments were so satisfactorj' 
that the authorities put a stop to tbem before many interesting 
theoretical points could bo verified, but not before an effectual 
system of working had been determined, the scheme of which is 
given. At the comparatively trifling cost of £34,313 a very 
eflBcient pumping-station of great value commercially has been 
provided, and one that will bear close scrutiny in every way. 

W. A. B. 
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are long, measuring 18 inches in that direction for the size 
referred to. The outer edges of the plates are bent forwards in 
the direction of rotation. The inlet to the inside of the fan and 
the outlet from the drcumferenoe are approximately equal to the 
area of the fan itself. It is claimed that the special form of blade 
employed reduces the loss of power due to the formation of eddies, 
and that the velocity of the air on leaving the fan exceeds the 
peripheral speed of the blades by about 80 per cent. In one type 
of bearing, designed to avoid difficulty when dealing with heated 
gases, the journal is connected with one side of the fan and the 
bearing is supported by tension-rods from a cylindrical bracket 
attached to the casing. Tests made with these fans have shown 
an efficiency of over 90 per cent. 

A. W. B. 



Experiments with a 300-flP. Laval Steam-Tvrhine. 

WiLH. Jacobson. 

(Zeitschrifi des Vereines deutscher Ingenieure, 1901, p. 150.) 

Apart from its many other advantages, the Laval steam-tur- 
bines occupy comparatively little space, and their high speed fits 
them specially for electromotors. A 100-HP. steam-turbine gave 
such satisfactory results in the paper and cellulose factory at 
Potschmiihle in Bohemia that a second of 300 HP. was erected to 
drive a rotatory generator of 360 cos <^ kilowatts and 330 volts, 
with fixed winding and rotating magnet as illustrated. It has 
four high and eight low-pressure jets. The low-pressure jets are 
0*35 inch in diameter, the high-pressure 0*78 inch. The latter 
are only used at starting or to maintain the pressure when it falls 
rapidly. 

The turbine makes 10,600 revolutions, the gearing shaft 750 
revolutions per minute. The power is transmitted by hemp bands. 
The air-pump condenser, with a 14-inch piston and lO^inch stroke, 
is in an underground cellar and driven by a separate 12 HP. 
motor. Steam is supplied from a Diirr water-tube boiler of 3,035 
square feet heatiug surface through a Kausch superheater of 732 
square feet heating surface at a pressure of 12 atmospheres. The 
effective power and expenditure of steam were exactly determined. 
Working at 300 HP. the turbine used 18 lbs. of dry saturated steam 
(hei trocknem gcsditigem Dampf) per HP. per hour, 17*2 lbs. at 
a temperature of 446« F., and 14-97 lbs. at 527° F., the initial 
tension at the jets being 9 atmospheres. The arrangements and 
the results of the main experiment, which lasted 5 hours and 
8 minutes, and was carried out 14 days after erection, are fully 
stated, while the Table below shows how the specific expenditure 
of steam increases as the load is reduced. 
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BaU'Bearings for Heavy Machinery. Heibsck. 

(Zeitschrifl det Veremi dentscher Ingenieare, 1901, p. 73.) 

Hertz and Auerbaoh's researches, ihe Author states, are in- 
adequate to solve the important questions involved in the 
experiments he was called on to undertake on behalf of the 
German Arms and Munition Factory of Berlin, together with 
Mr. Kiebe, its engineer. 

A special device was employed whereby three balls, one on the 
top of the other, were subjected to vertical pressure, the central 
ball was also in another series of experiments replaced by a flat 
circular plate whose periphery was the same as that of the two 
other balls. The observations were by a reflecting apparatus 
which magnified 500 times. Pressure was applied by a 5-ton 
press of special construction supplied Dr. Amsler. The diameter 
of the balls ranged from f inch to % inch. The results are 
given in two sets of Tables (I. for balls, and II. for balls and 
plane surfaces). 

The Author next treats of the theoretical determination of the 
amount of friction, then describes the special apparatus employed 
by him in ascertaining the same practically. The result of 
experiments with various kinds of bearings showed that the best 
form for heavy work was two rings, the inner surface having a 
groove the depth of which was two-thirds the radius of the balls. 

With pressures of 2,204 lbs. to 6,614 lbs., and 65 revolutions to 
780 revolutions per minute, the coefficient of friction varied very 
little indeed, and averaged * 0015. Up to a pressure of 10,800 lbs. 
with 780 revolutions per minute, the balls and bearings were 
faultless. For the past year all the ball bearings manufactured 
by the Berlin Arms and Munition Factory have been constructed 
on the basis of these experiments, which were concluded in March 
1899 ; since then bearings of greater size have been made and 
worked under a pressure far exceeding the above, and this is due 
to the care and attention paid to the perfection of the material 
and workmanship of all parts of the ball bearings. 

W. A. B. 



The Loading of Balls and Bali-Bearings. Dr. Sciiwinning. 

(Zeitschrift des Vereines deutscher Ingenieure, 1901, p. 332.) 

Although ball-bearings are largely made use of in cases where 

the load carried by the bearing is small, as for example in 

bicycles, yet they are employed to only a very small extent for 

heavy Joadings, since und^r tYiee.^ coTid\\ivo\i% IW xeaults obtained 

iave fallen far below expectationa. T\iA& \a ^^3.^ Vi xXj^a WiX. \>Qa.\. 
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iucreased to its highest possible value. Any soft places on the 
surface of the bearing which comes into contaict with the balls are 
by this means readily discovered. 

The permissible load for balls of diameter D may in all cases 
be taken as P = A; D', and for cylinders of diameter D and 
length L as P = A;^ D L, the coefficients k and ib^ being determined 
experimentally. 

T. H. P. 



Manufacture of Tvhes, Dieoel. 

(Verhandlangen det Vereini zar Befbrderung des Qewerbflebses, 1900, p. 361.) 

This is a long Paper of about 80 pages with five large plates, 
describing the manufacture of tubes of iron and copper, and alloys 
of the latter metal, and recording the results of investigation into 
the influence of the different methods of manufacture on the 
strength of the material. The Author first deals with tubes 
having a longitudinal seam; these may either be lap-welded, 
spiral-welded, or butt-jointed and welded. In this class also are 
included corrugated furnace tubes and those of copper and brass 
with a lapped longitudinal hard-brazed joint. The most important 
of the various ways of turning out weldless tubes is the Mannes- 
mann process, and the Author enters into this in great detail, 
discussing several theories of the precise mode in which the 
tubular form is obtained. A few pages are devoted to cold-drawn 
tubes. The subject of the material for tubes is next taken up. 
On the ships of the German Imperial Navy all pipes for conveying 
water or steam, with the exception of the main steam pipes, are of 
copper, with copper or bronze flanges. Until lately, condenser 
tubes were made of tinned brass. It was found, however, that as 
soon as the tin began to wear off, the galvanic action between the 
brass of the tubes and the copper or bronze of the other parts of 
the condenser, rapidly destroyed the brass, and now the tubes are 
of copper, alloyed with 1 J per cent, of tin. Tubes of water- tube 
boilers in the German Navy are of mild steel galvanised externally. 
This, however, is not a durable protective coating, and various 
other kinds have been tried, among others a compound tube by 
Thornycroft, bronze inside and steel outside. The effects of the 
various corrosive agencies in and about boilers and ships and the 
protection against these is discussed. The inspection and testing 
of tubes and the relation between the strength of the original 
material and that of the tubes forms the completion of the article. 

W. B. 
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Gauge-Glasses. O. Schott and M. Hebschkowitsch. 

(Zeitschrifi des Vereines deutscher Ing^nieore, 1901, p. 339.) 

llie Authors have examined boiler gange-glassee made of various 
kinds of glass with respect to (1) their power of resisting oold and 
hot pressure, (2) their sensitiveness towards change of temperature, 
and (3) the extent to which they are attacked by the water of the 
boiler. The glasses included one of French origin, much used for 
the purpose, one English (Scotch tubes) and four of Jena manu- 
facture, including a new boro-silicate glass prepared especially for 
making gauge-glasses and known by the name of ^' Durax " glass. 
The experimental results led to the following conclusions : — (1) 
All the glasses, whatever their composition, resist cold hydraulic 
pressure in a veiy high degree, the pressure for tubes of external 
diameter 19 millimetres (j inch), and the ordinary thickness 
varying from 170 atmospheres to 330 atmospheres. (2) In the 
case of a hot boiler pressure without external cooling, all the 
glasses resist from 35 atmospheres to 40 atmospheres. (3) The 
behaviour of the different kinds of glass, when artificially cooled 
by spraying with cold water, depends mainly on the coefficient of 
thermal resistance and varies widely. The Durax glass resists a 
pressure three to four times as great as that which fractures the 
English and French glasses. (4) So long as the feed-water does 
not contain large proportions of free alkali its destructive action 
and that of the steam on the glass at high pressure, is far smaller 
for the Durax glass than for any of the other makes. 

T. H. P. 



Tlie Friction of Lubricating -Oils at High Temperatures, 

SiGMUND Kapff. 

(Zeitschrifi des Vereines deutscher IngeDieure, 1901, p. 343.) 

In a Paper published on this subject by Thurston in 1899, it is 
stated that the eoefficieut of friction of lubricating oils decreases as 
the tem})eratiire rises to a limit of about 82° C, from which it is 
concluded that heatiug of the bearing to this degree must not bo 
regarded as harmful and that a hot bearing need not be cooled 
unless its temperature exceeds 100° C. The Author draws 
attention to the fallacy of these views which only tiike account of 
the frictional resistance, and which, even if this latter were the 
principal factor to be considered, would not hold true generally. 
Leaving aside the question of the danger of a hot bearing, the 
small saving of energy duo to the low value of the coefficient of 
friction of the oil would be far more than counterl>alanced by the 
amount of heat wasted in k^^^YAw^ wW Wvxvvw^^s^ at a temperature 
of 82^, 
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the importanoe of an impervious ooating of oil varnish over the 
entire Burface, and traces the origin of the decay of paint on 
metal to minnte cracks, often due to expansion and contraction. 
Yarious protective processes are discoraed in detail, and the 
importance of a surface-covering of a chemically-combined oxide 
of iron, as preventing any further attack, is insisted upon. 

G. B. B. 



The Use of Coke-Oven Gas in Gas-Engines. E. Beumaux. 

(Balletin de la Soci^t^ de l*Indastrie Minerale, 3rd series, toI. zv., 1901, p. 493.) 

This, a communication made to the late Congress of Mining and 
Metallurgy at Paris, describes an application, at a group of by- 
product ovens at Lens of the gas remaining after heating the ovens 
to the production of power. The proportion so available depends 
mainly upon the character of the coal, being insignificant when 
the proportion of volatile matter is 20 per cent., but becoming of 
importanoe when it reaches 23 per cent. In Westphalia it is 
estimated that the surplus may reach 25 per cent, of the whole 
amount of gas given off, but this the Author considers to be exces- 
sive. At Lens the maximum has been found to be 12 per cent, for 
the following conditions : — 

Coal charged (with 23 per cent, volatile) .... 7 tons. 

Moisture 10 per cent. 

Ash 9 „ 

Three bamers and seven air intakes per oyen — 

Temperature of air 820° C. 

..gas 50° C. 

Time of coking 36 hoars. 

ThickneBS of flue-wall of oven 180 millimetres. 

Yield of gas per ton of coal, 325 cubic metres ; density 0*482. 

The surplus gas originally used for raising steam, tar distilling, 
laboratory heating-stoves, &c., has, during two years, been par- 
tially applied to a Letombe double-acting gas-engine driving a 
dynamo. Considerable difficulty was experienced at first, owing 
to the valves becoming clogged with deposited tar, but this has 
been overcome by a rapid method of purification, including a coke- 
scnibLer and ferric oxide purifier, which remove tar and sulphur. 
This, however, will shortly be superseded by improved methods 
of condensing the by-products, which include recovery of 
cyanides and sulphur from the crude oven gas. The specific 
gravity of the gas so purified is OM314, with a calorific power of 
4,200 calories per cubic metre at 15^ C. 

The amount of gas disposable under favourable conditions from 

120 ovens, burning 7-ton charges in 36 hours, is 1,000 cubic 

metres per hour, which, at 830 litres per HP. -hour, as determine^. 

by experiment, corresponds to A ,*1Q^ ^^ ., ox \^ ''SX! , ^^x ^^^\5l. If 



empiojeo. 

!Uron and steel worki and blast fdnUMM [seMiLt R Twy &ToimI)l« 
Sold for the applioatioD of eleotrio power. 

Blowine enginea, driven b^ ateun or by waste KUea, will not, 
bowerer, in tlie Antbor's opinion, be displaoed by eHiotrio motora. 

Boiling mills oan very easily be worked by eleotrio power if tbe 
rolls are tbree-hi^b, bnt not ouiarwise. 

Machines having a heavy fly-wheel action, snbh' aa ahearing 
and pnnohing machines, bending and atraightening rolls, eta, 
have a apeoiu interest for electrioianft. One of the ohiej reqnire- 
ments in this oase is that the motor mi 
this is obtainable with both oontinnons s 

Direct driving of oarryine rolls by 
feasible, bnt Teqtiiies spedu dengn of 
switch KMT, the prinoipal point being to 

All the other maohinety abont blast : 
ntoh aa onnes, looomotives, etc:, are qniti 
tion of electric power. 

The article extends to abont for^ psgos and is prof^iaely 
illustrated. W. B. 



Iron Direct from the Ore. A. Br^d. 



The Aathor gives a short eketch of the history of the production 
of iron, of the early times whan it was prodnoed direct from the 
ore, the discovery of caat-iron and the introduction of the modem 
'ids- 
aid direct BroceBB■waa'«Ba\»i^A'a'^.\«A>S\w5^.»siV\KBiwA.-«»B 
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When the silicon exceeds 1 per oent. rail crop ends or other 
steel scrap is added in the open-hearth famaoe to reduce it to that 
amount as nearly as possible. The progress of such a charge is 
as follows : — 



Pig-iroD, 2'6 toD8 
So»p,l*3ton 
Bath (calculated) 
,» (actual) . . 




Ckrbon. 



4'40 
0-45 
802 
2-28 



During the superheating, therefore, the waste is principally 
confined to the manganese (0*64 per cent.) and carbon (0*24 per 
cent.), while the silicon is only slightly reduced (0*13 per cent.). 
In this respect the action of the Siemens furnace resembles that 
of the mixer. The further analyses of this charge made duriug 
the blowing are — 



Bath in SiemenB furuace 
After blowing 4 miuutes 

»f »» o »> 

»» >» *^ »» 

After addition of spiegel 




CoxboQ. 



2- 

1 





0' 



28 
34 
70 
28 
33 



When the silicon in the superheated metal amounts to 1*2 per 
cent, or 1 '4 per cent., additions of 10 per cent, to 12 per cent, of 
cold scrap during the blow in the converter are necessary to 
control the heat developed. For the production of one ton of 
ingots by this method there are required 1*1 ton of pig-iron and 
1*18 cubic metre of wood consumed in the gas-producers of the 
Siemens furnace. 

H. B. 



Definitions of Steel and Iron. Al. Pourcel. 

(Baumaterialienkuiide, 1901, p. 3.) 

The Author in this Paper gives four views, which have been 
put forward at various times, of the best way in which to 
distinguish between steel and iron. 

These may be put shortly as follows : — 

(1) From the chemical standpoint steel has been defined as 

that compound of iron which contains a certain amount of carbon, 

and is particularly distinguished by its property of attaining great 

hardness by sudden cooling from a high temperature. Iron, on 

' er hand, is that ierious coxsi^owTi^ Vk^sSi ^!«^\3iM^^ ^^xs^^bJilftr 
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spoke againBt this view, he stated that, to his knowledge, craoks 
did actually occur in bridges, and had been observed in some 
considerable straotnres. 

Other subjects discussed were the point in the somewhat 
irregular deflection-load diagram for a girder which was to be 
taken as the limit of elasticity for bending, the work of plastic 
deformation in girders, the use of mild and hard steels for 
bridges, etc. 

J. G. 



Effect of Bending and Straightening Cast-Iron, M. Eudkloff. 

(ZeiUchrift des Vereines deutscher Ingeuieure, 1901, p. 46.) 

This is a communication from the Eoyal Mechanico-Teohnical 
Institute of Experimental Science of the result of experiments 
carried out. The Author refers to numerous authorities on this 
subject, which has an important bearine in the case of cylindrical 
vessels, especially steam boilers and gasholders. 

Five sets of experiments were made : — 

(a) Samples as received from the factory. 
IjiS Samples as received from the iactory annealed. 
;) Bent cold, annealed, cooled, and then straightened. 

[d) Bent and straightened cold, and then annealed. 

(e) Bent and straightened cold. 

The dimensions of the samples, mode of testing, angles through 
which bent, and full particulars of the experiments are given in 
two Tables, which furnish an exhaustive record of the results. 
The Paper is also illustrated by photographs, drawings, and 
diagrams. 

W. A. B. 



Tlie Influence of Titanium on the Properties of Cast-Iron 

and Steel. Auquste J. Kossi. 

(Engineering News, 30 May, 1901, p. 386.) 

Titanium is found almost as abundantly as iron, and the ore 
occurs in mountain masses in Sweden, Norway, Canada, and 
several States of the Union. Pig-iron smelted from these titanic 
ores contains, generally, from 0*1 per cent, to 0*3 per cent, of 
titanium, frequently much less, and the pig is eminently a forge 
pig, and generally free from phosphorus. Experiments carried 
on at Adirondack are described. The average breaking load of a 
test-bar, 1 inch X 1 inch X 12 inches, between supports was 
2,700 lbs. Adding 30 per cent, of nickel only to the normal 
mixture produced a very rItoti^ a\\^ \,o\\%\i Tiiaterial, bending at 
right angles without breaking. TL\i\^ tex^^-TvY^^^ ^^2^ ^i^\^\ \.^ 
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teBts are made on bars 30 millimetres (1*18 inch) square, laid on 
bearings 140 millimetres (5*51 inches) apart, with a weight of 
18 kilograms (40 lbs.) falling from an increasing height of 1*0 
tO'2*5 metres (3^ to 8^ feet). For naval gnns the conditions 
are somewhat different, while a bending test is added, which 
however is not always insisted on. For the transverse and 
bending tests the existing requirements have not been altered 
since 1879 for land guns, nor since 1882 for naval; both tests are 
considered by the Author to be too indefinite, often leaving it 
doubtful whether a gun should be accepted or rejected ; and both 
alike are discarded by the United States. There too the tensile 
tests are much more complete and precise than in France, and the 
requirements are more varied and more stringent ; if any lot of 
bars delivered for testing are rejected, the makers are not allowed 
to replace the individual specimens that have failed, but are 
required to send in an entire new lot for testing afresh. 

Contraction of area at the fracture of a tensile teet-bar is a 
most important criterion of the quality of a mild metal ; if it is 
not less than 30 or 35 per cent, the bar will show an excellent 
fracture ; and the converse is also true. In France, what is 
known as the Bourges classification of fractures is adopted, com- 
prising no less than eleven varieties, which the Author severally 
describes ; besides these there are numerous intermediate modifi- 
catioDs. The contraction and the fracture concur in betokening 
the quality of the metal; a higher percentage of contraction 
corresponds with a more silky appearance of fracture, as il lustra teil 
by an elaborate Table of forty-six tests in the United States on 
bars cut from steel guns of 10 inches bore. But the bame relation 
does not extend to the eloDgation of the test piece; poor elongation 
may accompany good fracture, and vice versa. 

The principal modifications desirable in the French tests of 
gun steel are summarized by the Author as follows. The trans- 
verse tests bv falling weight and by bending should be abandoned, 
as too empirical, and as furnishing no precise or useful information. 
Even for small bores, tensile tests should be made on one or more 
pieces cut from each end of every component part of the gun — 
tube, jacket, or hoop ; and the number of test pieces should vary 
with the bore. A minimum limit for strength should be imposed, 
and no margin should be allowed. The conditions should include 
a minimum percentage of contraction in area or of striction in 
diameter at the fracture. More complete information should be 
obtained about elastic elongation under different loads, about 
elongation corresponding with limit of elasticity, about permanent 
set beyond this limit, and about other deformations produced in 
testing the metal. 

A. B. 
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Nickel Alloys. Dr. H. Wedding. 

(Verhandlangen dei Vereins zut Befbrderang des Gewerbfleisses, 1901, p. 143.) 

At a meeting of the Society, Dr. Wedding gave a sliort address 
reporting progress in connection with the work of the committee 
which had been appointed to investigate the production and 
properties of alloys of nickel. 

Besults obtained with iron-nickel alloys had already been 
published.^ 

The work on these was still being continued and miorographical 
analysis had been added to the previous methods of investigation. 

The alloys of the four elements — iron, nickel, manganese and 
carbon — had been taken up, but the attempt to pi^uoe them had 
led to a most surprising outcome. 

The elements were weighed and the alloys prepared and cast 
into blocks in the usual manner, but when these blocks were 
analysed the manganese seemed to have mysteriously disappeared, 
the percentages did not all correspond with the proportions 
originally weighed out. There were twenty-four casts in all and in 
some of these instead of * 5 per cent, of manganese there was on 
the average only 0*15, in others instead of 1 per cent, there was 
only • 33. 

The disappearance could not be accounted for, but in order to 
produce the desired alloy it is proposed to melt the manganese first 
and then introduce it into the mixture of the other metaJs. 

Tables of analysis of the alloys which so much miscarried form 
part of the Paper. 

W. B. 



Distribution of Ice and Conditions of Navigation on tJw 
Sea Route to Siberia. A. Varnek. 

(Morskoi Sbornik, March, 1901, p. 63.) 

The object of this article is to assist in solving the problem of 
the sea route to Siberia. The greatest obstacle is the ice, of the 
distribution and movements of which hardly anything has been pub- 
lished till quite recently. The proper route has been assumed to pass 
through the Kara Sea. Yessels have from time to time got through 
without encountering ice ; at other times impenetrable ice has 
stopped them. Already in the sixteenth and seventeenth centuries 
Eussian sealing vessels from Archangel and Kola went to the 
Kara Sea and found their way to the mouths of the Obi and Yenisei. 
In 1760 a Eussian sealer sailed round the North of Novaia Zemlia. 
Hardlv any lecords were left: the route to the Siberian rivers was 
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The Distribution of Chrms by Ordinary Air-Ctirrenia. 

Dr. B. F. Hutchison. 

(Zeitsckrift f&r Hygiene, toL xzzTi., 1901, p. 22S.) 

Though it is impossible to doubt that dwellings are exposed 
to the risk of a whole series of infectious diseases due to the 
entrance into them of infinitesimally small particles of dust and 
moisture laden with germs, it is dijfficult to say how often this may 
occur. A certain number of observers have made enquiries bearing 
upon this question, but the subject is far from being exhaustively 
cleared up. The Author refers to the investigations of Mareau and 
Miquel out at sea to indicate the distances to which germs may be 
transmitted in the air under favourable circumstances, but, as he 
points out, the conditions are entirely different on land, where the 
nouses are near together. He set himself to determine the extent 
to which it is possible for germs to be conveyed from floor to^oor 
or from room to room in a house by means of window-openings, 
crevices and keyholes, or to find their way by means of chinks into 
drawers, cupboards, books and papers. He also made experiments 
as to the vitality of germs which have once been deposited and 
concerning the extent to which they may be stirred up and spread 
abroad by treading about on floors and by brushing, sweeping, 
dusting clothes, etc. He alludes to the results already recorded 
which relate to this question, and he explains how his test- 
substances were prepared and the method adopted for spraying the 
prodigiosus germs used by him. By reference to a block-plan of 
the Hygienic Institute at Gottingen, the Author describes the 
position of the various rooms and corridors employed for his 
experiments. A detailed account is given of the procedure in the 
various tests. In the case of the leaves of an open book and of 
letters transmitted through the post, he was able to show colonies 
of the germs, though in a letter which was six days in the post, 
having been sent from Gottingen to Scotland and back, the germs 
had lost their vitality. On this point he states that while it is 
just possible for disease-germs to be conveyed by a letter, it is 
highly improbaMe that this should occur. In addition to indoor 
experiments he conducted a number of tests in the open air, which 
are explained by means of a series of diagrams. Certain of the 
gelatine plates in the open, oven 656 yards distant from the 
spraying station, contained colonies of prodigiosus. 

G. R. R» 
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at several of the poles in either direction, as far as Nob. 51 and 98, 
splitting and splintering them with varying violence. Pole 58 
was shattered albove the prop, and its splinters were sent flying to 
a distance of more than 20 yards. The insulator of the middle 
wire remained unscathed ; those of the two other wires were found 
hanging from their wires ; one of them was split at bottom, and 
had lost its bolt. The pole was charred across in streaks, where 
the wires had touched it as they swayed in the wind. In spite of 
all the damage done, the line continued working without interrup- 
tion, and no more than three of the poles had to be replaced. The 
highest point of the line is at pole 72, where it crosses an almost 
bare ridge ; this pole, standing in a marsh, was broken across in 
the middle, and thence splintered downwards. At the power 
station the cast-iron casing, fencing the bottom of the lightning 
conductor, was broken in two, the volt meter was destroyed by 
the burning of its coil, a spark shot across from the lighting 
wire to a telephone wire 40 metres (44 yards) distant, the 
telephone coil was somewhat burnt, and the steel magnet of the 
call-bell was destroyed. The engines were stopped as speedily 
as possible. At the receiving stations no inconvenience was 
occasioned. About 1 kilometre (f mile) from the power station 
a flash was seen approaching it, which swept along over the wires 
like a brush, and vanished at the lightning conductor nearest the 
station. 

A. R 



Smell in Aceumvlator Cars. 
Paul Beros0e, J. B. Bbuun and C. Ejcer. 

(lDgeni0ren, Copenhagen, 1900, p. 350 et seq.) 

In the accumulator cars on the Copenhagen tramways there has 
often been so disagreeable a smell that passengers have got out to 
escape it. Enquiry being made as to the probable cause, the 
following explanations were volunteered by electrical engineers. 

While no inorganic compound having the same smell can be 
formed from the contents of the accumulators, Mr. Paul Berg80e 
})oints out that this is the smell emitted by deal which has been 
dipped in dilute sulphuric acid and laid aside for a time. It must 
therefore be due to the destructive action of the acid upon the 
resinous or other residue of the sap. The hydrogen libera ttd in 
charging the accumulator cells bubbles up to the surface of the 
dilute sulphuric acid; and the bubbles in bursting scatter 
microscopic drops of acid, which remain floating in the air for a 
length of time. The air thus impregnated attacks the woodwork 
of the chamber containing the battery, and also of the car, to the 
whole of which it has free access when the seats are turned up for 
charging the battery placed \)^Ti^^t\i lliftm. For obviating the 
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would be inaccessible for examination after charging, nnless 
complicated and expensive arrangements were specially made. As 
an inside battery requires its cover removing for every charging, 
it is scarcely possible to prevent some escape of air impregnated 
with acid; but the nuisance may be so far diminished as to be 
insignificant. Only ten to fifteen minutes are allowed for charging 
the North Bridge tramcars in Ck)penhagen, and the charging must 
therefore presumably continue almost up to the time of starting ; 
whereas the charging ought to be finished, and the battery 
chamber to be shut off from the car, some minutes before starting, 
so as to allow time for the air in the car to get fresh. Blowing air 
through the battery chamber is the wrong way of getting rid of 
the vapour, which ought to be exhausted by suction. In Berlin, 
where there has been some talk of abandoning accumulator tram- 
cars, the reason would not be the smell caused by the acid, but 
rather the serious interruptions of the heavy Leipziger-strasse 
traffic by last winter's frost and snow, when thrice the usual nower 
was required. This sectioii of line is worked on a mixed plan of 
accumulator-cars and conductors, which allowed the former to 
transfer part of their charge to cars wanting more power than the 
conductors could supply; whence the tension in the batteries 
frequently fell to 100 volts below their normal, and inconvenient 
stoppages resulted. In Hanover the mixed plan has been in 
operation for some years with entire satisfaction. 



Oudin Double-Pole Besonaior. 0. Rochefort. 

(M6moire8 de la Soci^U des Ing^nieurs Cirils de France, 1901, p. 394.) 

In Dr. Oudin's single-pole resonator, two square condensers or 
Leyden jars are used, each having its inside armature or coating 
connected at top with a conducting rod, which is surmounted by 
a metal ball, and is connected with one of the poles of a hi$i;b- 
tension Rochefort transformer supplying the electricity. The • 
outside armature or coating of one of the two condensers is 
connected with one extremity of a solenoid, and that of the other 
condenser is attached to an intermediate point of the solenoid 
helix. When the two balls of the condensers are brought near 
enough for an oscillating discharge of sparks to take place 
between them, synchronous oscillations are produced in the 
primary coils of the solenoid, that is, in those which are between 
the attachments of the two condensers. Synchronous oscillations 
in the contrary direction are induced through the rest of the 
solenoid ; and from its free polo issues an oscillating efflux, 
alternately positive and negative. For a given expenditure of 
electricity the effl-ux attams a ixi^'jdTcvwTCL -wh^u the intermediate 
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defleotions, oalonlated by the above formula, for white pine, is 

given for columnB 10 feet long, and for varying ratios of -7. From 

this Table A is easily oalonlated for any other length of colnmn. 

C. H. M. 



Fire-Betardan^t Treatment of Woods, 

[ (Engineering News, 27 Jane, 1901, p. 459.) 

This is taken from a Committee Heport presented to the 
National Fire Protection Association at Chicago. The subject is 
divided into two parts: — (1) Fireproofed wood, that is, wood 
chemically treated so as to render it practically non-inflammable 
throngbont; and (2) Fire-retardant coatings for wood, such as 
paints, etc. 

(1) There are only three processes in practical use in America 
for fireproofing wood throughout. The oldest has been in 
operation since 1895, when wood, prepared by this process, was 
first supplied for war-vessels to the United States Government. 
Most of the war- vessels since then and many large buildings have 
been fitted with this wood, which is prepared by the Electric 
Fireproofing Company by what is known as the Bachert process. 
In this process and in that used by the American Wood Fire- 
proofing Company, the wood is first exposed to steam under light 
pressure, then to vacuum, and finally is impregnated with 
chemicals under high pressure. The third process is known as 
the Ferrel process ; in this there is neither steaming nor vacuum, 
only impregnation by chemicals under very high pressure. In all 
cases the wood is afterwards kiln dried, and then weighs about 
10 per cent, more than before treatment. The transverse strength 
is increased in white pine and diminished in yellow pine ; the 
compression strength is diminished in both cases, and the tensile 
strength is increased. The New York Building Department 
accepts wood prepared by the Bachert process, but not by the 
other two processes. It is said that timbers as large as 12 inches 
X 12 inches can be successfully treated, but the cost increases 
very much with the size. The effect of the treatment appears to 
be permaneHt. Corrosion has given trouble — probably due to 
imperfect treatment of the wood. It is rather more difficult to 
work than ordinary wood, and takes a very good finish. The cost 
of the treated wood renders it almost prohibitive for general use. 

(2) Fire-re tardant coatings. There are many such in the 
market, and some appear to be fairly efficacious ; but in the 
absence of any specific or convincing tests, it is not attempted to 
judge of their respective merits. The Committee recommend the 
Association to institute proper tests to determine the value of these 
different compounds and suggest general conditions to bo observed 
in making such tests. C. H. M. 



Eleetrie AutomobSas, E. A. Srbbt. 



Beoent tests showed thftt fi:^ two 
OD the same oarriage, and having 
4,000 toD-miles, a Plants battery rai 
1,260 Iba., gave 5-26 watt-hoars pi 
cell per ton-mile; a Fanre battel 
weighed 98u lbs., gave 6  5 watt-hov 
of oell per ton-miJe. The remaika 
weight of batteries for the same oos1 



Measurement of Tramway Currents in Water-pipeB. S. Keohk. 

(Elektrotechn, Zeitschr., vol. iiii., 28 Miirch, 1901, pp. 269-271.) 

The Author was instructed by the Union Electricity Company 
to esamine into the state of afiairs in a certain town where it vas 
known that corrosion was taking place, and, if possible, to sngge^t 
a remedy. Hib method of examination was aa follows : — There 
was a small truck on which was mounted a cable drum, the latter 
carrying two cables about 300 yards long, having sectional areas 
TespectJTeJj of 4 and 14 eqiiaiiQ millimetres. The method of 
jneoenrement may be expVainfei \>^ ftia «vi 'A *Ciift, %.<x«m£^»xi^m^ 
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TJiermodynamical Properties of Superheated Steam and the 
Dryness of Saturated Steam. J. H. Grikdlet. 

(Manchester Literary and Philosophic 1 Society, Memoir 45, toI. iii. 1900-1901, 

pp. 1-11.) 

For superheated steani, (1) the Author draws up from his former 
experimental results a Table of the total heat of its formation at 
different pressures and temperatures from water at 82^ F. ; (2) bj 
utilising Bamsay and Young's experiments he calculates the 
values of the isopiestic specific heat for temperatures between 
290-3° and 426*5 F.; these, compared with the values formerly 
found by employing Begnault's linear relation between the total 
heat of saturated steam and the temperature, throw doubt on this 
relation ; (3) he finds that for adiabatio change between 1 and 5 
atmospheres and 210° and 330° F. the values of |w* are constant 
when n = 1*286; (4) he shows that the product of the isopiestic 

specific heat and the cooling effect on expansion is ~ for pressure 

J?, where D = 1 • 625 and a = 1 * 000023, when p is measured in 
lbs. per square foot. 

For dry saturated steam the specific volumes deduced from 
Hamsay and Young's experiments, and those lately given by 
Callendar, agree in differing from those obtained from Begnault's 
values for the latent heat by amounts varying from 1 '33 per cent, 
under 1 atmosphere to 3*4 per cent, under 21 atmospheres in 
excess, thus apparently showing that Regnault's values for the 
latent heat are too small by these percentages. 

H. £. B. 



Koerting SoO-HP. Gas-Engine. 

(Engineer, vol. zci., 4 January, 1901, pp. 23, 24.) 

This two-cycle engine has one motor cylinder double-acting, like 
a steam-engine, with a piston rod and cross-head working through 
guides, and a crank. There is an admission lift valve, shown in 
the figure, at each end of the cylinder, driven from a cam shaft. 
The discharge of the burnt products is through ports, «, and 
through the annular passage around the middle of the cylinder 
uncovered by the piston. The length of the double-acting piston 
is equal to the stroke, less the width of the exhaust ports. The 
gas and air enter the admission valves by separate pipes from two 
double-acting pumps, both driven from an auxiliary crank 110° 
in advance of the motor crank. There is a projection in the 
cylinder below each admission valve, to prevent the heavy in- 
coming gases streaming down to the exhaust ports, leaving the 
burnt productB in t\\e wpp^r \>^t\. o^ XW or^lmder. A scavenger 
charge of air is first aduuU^^ "Vi^Vwo^w \\iv^ \\<i$i.\\^\'& ^1 ^vix^xx'^vCx^-^ 
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The oompression presBnre was 12*5 atmoBpheres (a1)0olate)« and 
the maximnm explosion pressure 27*5 atoiospheres. The gas 
consumption could not be quite satisfactorily veriSed. Assuming 
it was 4 per cent, or 5 per cent, above the figures given, the heat 
utilisation was still very good, viz., 24 per cent, of the heat supplied 
to the engine converted into useful work on the brake. It remains 
to be seen how the double-acting piston and stuffing-box wear. 

W. B. 



Ponder Gas and Large Oas-Engines} H. A. Humphbvy. 

(Institution of Mechanical EngineerSf vol. !., January, 1901. Proceedingi, 

pp. 41-118. Discussion, pp. 119-247.) 

In an appendix the Author gives the cost of 1 B.HP.-hour in 
manufacturing works, as the mean of a large number of actual 
results; it varies from 0"68rf. for ordinary works with fairly 
uniform load to 1 • SOd, for small works with varying load. 

A description is given of the Mond gas-producer, illustrated by 
five diagrams and four photographs. Common bituminous slack is 
used as fuel, and is fed into the producer bell. On reaching the 
hot zone of fuel the tar is converted into a fixed gas, and the slack 
then descends into the body of the producer, where it is acted on 
by an air-blast, which hat) been saturated witii steam at 85^ G. and 
superheated. The steam used per ton of fuel gasified is 2^ tons ; 
this large quantity keeps the temperature of the producer within 
such limits as to prevent the formation of clinkers or the destruc- 
tion of the ammonia. Half a ton of steam is decomposed per ton 
of fuel burnt, yielding 29 per cent, by volume of hydrogen in the 
final gas.. The hot gas and undecomposed steam, leaving the pro- 
ducer, pass first through a tubular regenerator in the opposite 
direction to the incoming blast. An exchange of heat takes place, 
and the blast is still further heated by passing down the annular 
space between the two shells of the producer. The hot gases then 
paes through a washer, in which they meet a water-spray thrown 
up by revolving dashers, and are thereby cooled to about 90° C. 
The gas then passes up^vards through a lead-lined tower filled with 
tiles, whore it meets a downward flow of acid liquor circulated by 
pumps, consisting of sulphate of ammonia with about 4 per cent, 
tree sulphuric acid. The ammonia of the gas combines with the 
free acid, yielding sulphate of ammonia, and, to make the process 
continuous, some sulphate liquor is constantly withdrawn or 
evaporated, while free acid is added. The gas, now freed from 
ammonia, passes up a cooling tower, where it meets a downward 
stream of cold water. The heated water is utilised in an air- 



* The substance of this Paper was given in vol. cxlv., p. 420 (pamphlet 
Abatracta, p. 69). AddilioueA -^wW^mWu «*.x^ Veta ^^^-^^ad^ olong with an 
abatract of the discu&Bion. 
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Crossley engine coupled to a Siemens dynamo, and supplied with 
Mond gas. Appendix YII. is a report on tne working of this engine ; 
during 1898 and 1899 it ran during 96*6 per cent, of the whole 
time, at an averap^e I.HP. of 115, and has run for 3,300 hours 
without a stop. The average consumption during the 2 years was 
67 • 7 cubic feet of Mond gas, or 1 '055 lbs. of slack, per LHP.-hour, 
and 117-3 cubic feeft or 1*82 lbs. of slack per E.HP.-hour. Ap- 
pendix YIII. contains figures relating to the test of a 65-B.HP. West- 
inghouse engine with natural gas, and gives indicator diagrams. 

Appendix XIII. gives a large number of tests with very full 
particulars of various Continental engines, namely, a test by Witz 
on a 200-HP. Simplex engine at Seraing, and one by Hubert on a 
600-HP. engine at the same place, the engines using blast furnace 
gas. The heat balance-sheet given by Hubert for the 600-HP. 
engine is : — 

FerCtnt. 

Heat converted into work in the cylinder 28 

Heat carried away by water 52 

„ „ ,, gases and loflsea 20 

Eight pages of this Appendix are occupied by brake trials con- 
ducted by Delamare, Deboutteville, and Gockerill on a 600-HP. 
engine working with blast-furnace gas. 

Appendix X. gives comparative figures of the cost of fuel per 
kilowatt-hour with steam and gas. Unwin's ideal estimate for 
continuous running made the cost 0*194d. per unit; Kennedy's 
ideal estimate for a central station gave 0*210(2.; the average 
cost for eighty-threo electric light stations is 0'77Sd. ; the actual 
cost with Mond gas at Winnington is 0*048(2. Appendix IX. 
contains an estimate of capital and running costs for a 20,000-HP. 
central station gas plant, worked with Mond gas at various load 
factors. 

The Author made experiments on the speed variation during the 
strokes of the Crossley and Premier engines, by means of an electric 
tuning-fork tracing vibrations on a smoked drum. Diagrams are 
given for both engines, showing throughout the stroke, the inertia 
forces due to the reciprocating parts, the indicator diagram 
corrected for inertia, the turning moment on the crank-shaft, and 
the speed. In the Crossley engine, with both cylinders firing 
every time, the variation from the mean speed at full load was 
0*094 of 1 per cent., and on the '* hit-and-miss " system at three- 
quarter load it was 0*97G per cent. Curves are given showing 
the variation of efficiency duo to variation in the gas mixture ; the 
curves are sufficiently flat to show tliat governing is possible by 
controlling the admission of gas, instead of by the usual hit-and-miss 
system. Appendix XII. contains a full Table of gases saturated 
with water vapour at different temperatures, and Appendix XL 
detiiils the precautions taken to ensure accuracy in the Author's 
experiments. 

Discussion, — W. J. CroBe\<iy t^^^tT^(?L \ft tlia tests of his gas- 
eng-ine, and explained t\io xeaaoiv^ >N\iv?^ \^^ \>mql \Rk ^\^^h^Vssr 
compression; Ho gave \nd\catox ^m?,^^^ ^^^^ ^^t^'a. x^^Ngck^'^v^ -s^. 



364 



POWEB GAB AND LARGE GAS-EKGINE8. 



[AbstracU. 



gas, of additions of CO, O^'B.^t CH4, and H ; the effect produced by 
the latter three is so much greater than that produced by CO that 
a producer-gas containing them in any quantity must be very 
variable in calorific value. Measured by volume the heat value of 
H is no greater than that of CO, and he considered that the ideal 
power-gas would contain 30 volumes per cent, of CO and 3 of H. 
The Author, in reply to the written communications, dealt with 
the various possible ways of considering the efficiency of a gas- 
producer. 

G. H. B. 



r^"- 



New OaS'Prodiicer. J. A. Purves. 

(Inst. Engin. and Shipbnilden, Trans., vol. zlir., KoTember, pp. 18-23. Discussion, 

December, 1900, pp. 4-18.) 

*' Air-gas " consists of a mixture of air and vapour of petroleum 
or liquid hydrocarbon, such as gasolene, pretroleum spirit, or 
pentane. The proportion of vapour which can be taken up varies 
with the temperature of air and the volatility of the petroleum. 
Air-carburetters may be divided into three classes : — (1) Air is 
forced under pressure through or over liquid petroleum; (2) on 
account of the danger of using large quantities of liquid petroleum, 
an absorbent is employed to take up the hydrocarbon, and air is 
forced over or through the absorbent ; (3) air flows by gravity 
through the " aero-gas fountain '' described in this Paper. 

In 1895, Naum Notkin, of Moscow, 
took advantage of the property that 
carburetted air is heavier than ordinary 
3 air. His automatic cai'buretter, called 
an *' aero-gas fountain," consists of a tin 
vessel, shown in the figure, with an 
orifice at the top and a bent ** draw- 
off" pipe at the bottom filled with a 
porous material (wood pulp) which is 
impregnated with one of the lighter 
3 hydro-carbons. Two perforated shelves 
give a long travel to and distributes 
tlie air. Air enters at the top, and 
taking up hydro-carbon vapour becomes 
heavier and gravitates through the mass of absorbent, taking up 
more and more of the vapour, until it issues from the lower orifice, 
and may bo used for ligliting, heating, and power purposes. The 
gaseous mixture becomes heavier and cooler by the rapid volatilisa- 
tion of petroleum. 

Argand burners with steatite centres and very wide gasways give 
ith this " air-gas " a light of high illuminating power. No 
attention is necesBary "beyond \\y^ x^^Wm^ o^ l\i^ carburetter when 
it becomes empty. lUustraUoTis ».t^ ^\New \w \)ci^ ^^-^^x ^^^K^x'^ 
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Brake Electromagnets far Electric Cranes. M. YoosiJSAifo. 

(Elektrotechn. ZeiUchr., toI. xxii., 21 Ftbnxarj, 1901, pp. 175-177.) 

An illustrated desoription of a Bhunt-woimdy iron-olad, brake- 
releasing magnet, provided with an automatic switch by means 
of which the resistance in series with the ma^et-winding is short- 
circuited when the magnet is not excited. Hence, on dosing the 
circuit, a very large current passes through the magnet coil, 
enabling it to exert a strong pull on the plunger, in spite of the 
long air-gap. The plunger, in rising, opens the short-oircuitiDff 
switch, introducing the resistance into the short drooit, and 
reducing the exciting current to a safe limit for continuous 
working. A. H. 



Novd Transmission and Control Gearing. 

(Horseless Age, vol. viii., 10 April, 1901, pp. 29-30.) 

This article describes a new form of gearing for motor Tehides, 
the distinguishing feature of which lies in the fact that, in the 
variable speed portion of the mechanism, the power is transmitted 
partly by belt and partly by chain. In the vehicle illustrated the 
double cylinder horizontal engine is placed at the front of a rect- 
angular tubular under-frame, the crank-shaft being parallel to the 
length of the frame. A sprocket pinion at the back end of the 
crank-shaft drives by a single chain two sprocket wheels mounted 
on two counter-shafts parallel to the engine crank-shaft, and lying 
in the same horizontal plane. One of the sprocket wheels is fixed 
to its shaft, while the other, which is attached to an internal 
toothed drum, runs free. On the shaft having the fixed sprocket 
is keyed a stepped cone pulley, and on that carrying the loose 
sprocket is a similar stepped pulley running loose on the shaft. 
An open belt controlled by a striker transmits part of the engine 
power from the fixed to the loose pulley ; a part is also transmitted 
by the chain drive to the loose sprocket wheel. The power is 
delivered to the shaft carrying the loose sprocket and pulley 
through the internal toothed drum of the sprocket wheel, and 
through satellite pinions running on spindles fixed to the loose 
bolt pulley, which engage with the internal toothed drum, and 
with a sjjur wheel keyed to the shaft carrying the loose drum and 
sprocket. The power is thus divided up between the belt and 
chain in a proportion which depends on the rate of rotation of the 
satellite pinions relative to the internal toothed drum. The whole 
power is transmitted through the fixed spur-wheel and its shaft, 
and hence through a bevel gear to the differential cross-shaft, and 
finally, by independent chain drive to the road-wheels. The gear 
as illustrated gives four forward and two reverse speeds. 

C. R D'E. 
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power is then transmitted to a distant substation, where, by an 
inversion of the preceding prooess, it is reconverted to oontinuons 
current. At the substations the step-down static transformers 
have connections made to ten different points on the low-pressure 
winding, and these connections are bit)ught out to terminals. By 
this meaDs the regulation of the three-wire network is done with- 
out the aid of any balancers, the static transformers having their 
windings connected in a star, the common junction being connected 
to the middle wire of the distributing system. The rotary there- 
fore supplies current direct across the outers. The testing was 
carried out as follows. Continuous current was supplied to a 
rotary converter, and by it converted to three-phase current ; this 
was stepped up by one transformer and down by another, and 
then passed through a second rotary, the continuous current given 
out being absorbed by a resistance. Under these conditions the 
eCQciency was determined by comparing the inputs and outputs on 
the continuous cuirent sides, and in some cases this efficiency 
turned out as high as 81 per cent, at full load. Very similar 
results were given by a modification of the Hopkinson test, the 
continuous current from the second rotary being returned to the 
first. Figures are given showing the efficiency of the combinations 
at various loads. 

The article contains drawings showing the connections on the 
switchboard for the three-phase transforming plant, the design of 
a disconnecting box for three-phase cables, the arrangements in 
the boiler-house to allow for expansion in the steam-pipes, and 
also a plan of the district to be dealt with by the various sub- 
stations. 

W. H. S. 



Northwich Electricity Works. 

(Electrical Review, vol. xlviii., I February, 1901, pp. 179-201.) 

This station is worked on the direct current system, and is 
interesting on account of the fact that the Mond producer gas is 
used to provide tlio motive power. The works are situated on a 
piece of ground beloui^ing to Bruniier, Mond & Co., about l,nO(i 
yards from the centre of the town. This site was chosen in view 
of the fact tliat tlie local gas company have a monopoly of the 
right to supply gas in the town, and it was thought that hy 
placing the works on the site chosen, litigation might bo avoided. 
Moud producer gas is supplied l)y IJrunner Mond to the electric 
light company tlirough a 12-inch cast-iron pipe, which leads to a 
gas-liolder of 2,(inO cubic feet ca])acity. The price charged for tho 
gas is 2d. per 1 ,0( »0 cubic feet. Tho Mond Gas is said to be remark- 
ably clean ; the sawdust scrubber requires cleansing onh' once a 
year, and it is said that although engines have been running as 
long as throe years, not one of the pistons has ever been taken out 
of the cylinder. The main. ^aft-ew^\\i^a are by Crossley, running 
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Transparency of Rontgen Bays. L. Bbnoist. 

(Comptes Rendus, vol. cxzxii., 11 Februarv, 1901, pp. 324-327.) 

Having shown that the absorbing power or speoiEc opacity of a 
body increases with the density and that all bodies exercise a 
selective absorption on Bontgen radiation, the Author extends his 
researches to 120 bodies tested under the most varied conditions. 
Taking for his standard the absorption exercised by a block of 
paraffin 75 millimetres thick, and calling the equivalent trans- 
parency of a body the mass, in decigrams, of a prism 1 square 
centimetre base, which produces the same absorption as his 
standard, it is found: — (1) The specific opacity of a body is 
independent of its physical state, e.g., it is the same for water as 
for ice. (2) The opacity is independent of the mode of atomic 
grouping, e.g., of crystalline form, allotropic state, &c. (3) It is 
independent of the state of liberty or combination of the atoms ; 
thus the equivalent transparency of a combination can, with 
certain limitations, be calculated from the transparencies of its 
constituent elements. It is found, plotting atomic weights as 
abscissas and the equivalent transparencies as ordinates, that these 
points lie on a regular hyperbolic curve. If, however, the charac- 
ter of the radiation is altered, either by altering the tube or inter- 
posing an absorbent screen, the same hyperbola is not obtained; 
from a study of these curves the fourth result is obtained, viz. : 
(4) The specific opacity of simple bodies, measured under well- 
defined conditions, is a definite function of their atomic weight 
and increases with the latter, the proportionality being nearly 
direct for rays of the most penetrating kind. 

E. S. W. 



Duration of Emission of Bontgen Bays. B. Brunhes. 

(Soc. FraD^. Phya., Bull., vol. clxiii., 1901, pp. 1-3. Discussion, pp. 3-4.) 

The Author refers to his experiments already published, and 
describes further experiments. He finds that the emission of 
Eontgen rays lasts for a finite time, the duration being of the 
order of ^^J ^7^ to yojoo ^^ ^ second. In one experiment he con- 
nects a spark-gap and the Crookes tube in series with the 
secondary of an induction coil, and finds that while the spark 
always gives on a screen as clear and distinct images of a hole in 
a disk revolving rapidly as when the disk is at rest, thus showing 
it to be instantaneous, the Crookes tube, on the other band, gives 
throughout a single image of the fluorescent screen. He accounts 
for the phenomenon by saying that the exact instant at which the 
spark passes is that at wliich the gaseous molecules strike the 
kathodo in tlie Crookes tvxW. It \^ only afterwards that these 
jnoJeonles aro repelled \>'y tW 'Vl^^n^i^^^^ ^w^ "OcSs. '^xsci. «^S. Val^^ode 



Aaevrnviator Aoid. B. Esm. 

(Ctntralblftit fSr AccnmalatOTMa, toI. 11^ 1 Fabrnuy, 1901, fp. SS-M.) 

Snlphorio wnd for stcottge oella mai 
quite nee from the meUU that are 
bydrogeo, eipeoiallj lead. The amoi 
0*01 per oent, nor that of chl<»i] 
nitrogen, in whatever combination, 
neater than 0*1 per oent. It afai 
imparitiea, and ihould be &ee from  
Author has had a long experienoe of i 
acid, and eipeoially of adds need in 
mntdi impure aoid ia in nee. Brimett 
areenio, but eometimea traoea are fooi 
obtained as a bTe-prodnot from anl 
depended npon as areeuio free. Sncli 

the usual platinum or platinum gold apparatus are aa a rule very 
pure, and contain only traces of me^Ilic impuritiee, and when 
diluted with pure water are very suitable fcr accumulator use. 
W. W. H. G. 



Eleclrolytie Phospkortts. 

(Elect. World and EngLoeer, toI. iiivii., 2 March, 1901, pp. 360-361.) 

This article contains a brief illustrated description of the 
method of producing ■p\vos^'hoTvi*, -wcrttKA 'aM\.\i-^ Ut. Maohalske 
in hie laboratory at Louft \a\aii4. CVc3,'S.wjT,(rfs.. "Cy^saaBc^ 
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Vitrijied Quartz. W. A. Shsnstons. 

(Natnre, vol. Ixiv., 16 May, 1901, pp. 65-67. Paper read before the Rojal 

InititutioD, 8 March.) 

The Author describes his method of making tubes of this material, 
pointing out the difficulties to be overcome. When once prepared, 
these tubes are for many purposes much superior to glass tubes, 
as, for example, for use in thermometry. The mean coefficient of 
expansion of a rod of vitrified silica is only 0*00000059; its 
expansion is exceedingly regular up to 1,000°, and if not heated 
beyond this temperature it returns very exactly to its original 
length when cold. Above 1,000° the rate of expansion diminishes 
rapidly, changing to a contraction at about 1,200°. . Experiments 
on the transparency of this substance to ultra-violet rays show that 
tubes made of it are much more suitable than glass ones for use in 
studying the spectra of electric discharges. Its most remarkable 
property is its behaviour under sudden changes of temperature. 
When white hot it may be plunged into cold water, or even into 
liquid air, without injury. For use in thermometers, and for 
researches on pure gases and on the behaviour of gases at high 
temperatures, it should prove much superior to glass. It has some 
defects, however, as it is slightly permeable to nydrogen at about 
1,()00°, and it is attacked, when not, by alkaline oxides. 

W. C. H. 



Bvhber Tires. Michelin. 



(Horselesa Age, vol. vli., 2 January, 1901, pp. 21-26. Paper read before the 

International Antomohile Congreis.) 

There are four classes of tires: (1) Solid tires put on the rims 
by force, (2) cemented, (3) wired, and (^^ fastened by bolts. 
Pneumatic tires deal with obstacles up to 1 J inches ; springs up to 
4 inches. On motor cars pneumatics are chiefly valuable in 
preserving the life of the machinery. A steel wheel rolling on 
steel ground would have its speed increased if provided with a 
pneumatic tyre ; but the Author deprecates making any formulas 
about roads, and relies entirely upon trials. He has found a solid 
rubber tire better than iron on wood or snow-covered ground, but 
inferior when the road is hard and smooth. An electric cab was 
run 2 kilometres on solids at an average speed of 13*94 feet per 
second, and the energy taken was 1,037,680 watt-seconds. The 
same cab, with four pneumatics, made the same distance in the 
same day with 817,840 watt-seconds (diameter of wheels not 
given). Another experiment was made with 17 • 9 per cent, energy 
economy, and 5'3 per cent, gain in speed. The starting pull on a 
dead level was found to \)e> \^ ^^^ c,^tA.» Wn^t with pneumatics, 
the trial beingoffectei\iy ^ve\^\i\>^ ^^^^^^a^^^^^'^"^^^^ 



would be lot wetylene 22,408 
fix>t-ll». But only 0*0626 oaUi 
0*20 oobio foot of naoUne wi 
fnUi the given nhot of mii 
Me^lene is m^nired to do the 
Tsporised guolme will do. Or 
two guea, aoatvlene hw ftboat 
TKporiud gtacmne st the given 
Aunming aa eneine of total 
of 16 POT oont, and a oonsampti 

fer HP. per hoar, the ooat i 
I  3 oeuU), at 2*. Sd. (6S oenta 
gaoolme. The ooBt per HP. per 
of equal effldeooy would be : 
S3«. 4d. (8 dollars) pra 1,000 « 
with aoe^Iene in plaoe of vapo 
about twioe a§ ezpenaiTe. For 
be of praotioal use to prodnoe p 
were required, as in automobile 

reduotiou in the price of calcium carbide, however, it might 
probably come into more general use for gaa-engines. 

W.B. 



( 388 ) 



INDEX 



TO THl 



MINUTES OF PEOCEEDINGS, 

190Q-1901.— Pabt IV. 



NJB.—TUUi in Ualio$ rtifer to Original Papen, and th<m §deded for printing 
only are Jwriher dittinguitkod by the 9uffl» ''(S.)" or "* (i9<.).'* (he latter denoting 
Studente* Papen. Ahttraeted Papere are not eo indioaied. 



Abstract of receipts and expenditure, 1900-1901, 136. 
Aoomniilator acid, 876. 

cars, smell in, 344. 

Acetylene, dissolved, 352. 

f explosive power of, 381. 

gazogene, Javal's, 351. 

Air-comproBsing works at Biilanooort, 806. 
Albj, A. M. J., elected member, 121. 
Alexander, G. W. L., admitted student, 121. 

1 J., admitted stndent, 1. 

Alkali process, electrolytic, Ontbenin-Ohalandre, 878. 
Alsatian Steam-Engine and Boiler Association, report of tbe, 309. 
Alnmininm, nickel and, new alloys of, 833. 
American engineers, visit of, 183. 

Society of Civil Engineers, address received from the, 134. 

Society of Mechanical Engineers, address received from the, 185. 

Annual General Meeting, 122. — Report of the Council, 124. — Abstract of 

Receipts and Expenditure, 136. 
Auditors, vote of thanks to, 123.— Appointment of, for 1901-2, 123. 
Automobiles, electric, 354. 



Bache, A.— *< Peat Fuel in Soandinavia,'\(&), 229. 
Bailey, J. H., elected associate member, 2. 
Ball-bearings, balls and, the loading of, 814. 

for heavy machinery, 814. 

Barton, J., B.A.« elected member of council, 122. 
Baynes, R. C, admitted student, 1. 
Beami^ continnonB, 302. 



386 INDEX. 

Dam, Tanaa, oroM teotion of, 37. 

, Vymwy, orosa aeotion of, 87. 

Darley, 0. W., elected member of oonnoil, 122. 

Dawkuia, Dr. B.—^Corretpondenoe on Plymouth Waterworki : Geological formation 
of the rite of the Sheepstor trench, S5.— Other ocourrenoea in the British 
lalea of water-bearing beds formed of decompoaed rooks tii ntu, 36. 

Dawson, B. F., transferred member, 1. 

Day, G. J., admitted student, 1. 

Deacon, G. F. — DUouttion on Plymouth Waierworka : G^logioal formation of 
the rite of the resenroir, 26. — Strength of Portland cement mortar, 27. — Use 
of hydraulic lime mortar as a subetitnte, 27. — Relatire oost per cnbic yard, 
28. — Testing of hydraulic lime mortar, 28. — Necearity of exact statistics of 
the flow off the ground and its relation to the rainfall, 28. — Obserrations at 
Lake Vymwy and at Worcester, 28. — Elected member of council, 122. 

Dewar, J., M.A., LL.D , elected honorary member, 121. 

Dewrance, J., Watt medal and Telford premium awarded to, 144. 

Dick, F. J. — Corretpondenoe on Plymouth Waterworki : Comparison of the cross 
sections of the Vymwy, Tansa and Burrator dams, 36.— Suggested form of 
orest for dams, 88. 

Diegel, manufacture of tubes, 316. 

Dock, dry-, 10,000-ton balanced sectional floating, a, 309. 

Dolby, E. R., transferred member, 1. 

Donelly, W. T., a 10,000-ton balanced sectional floating dry-dock, 309. 

Downie, A. M., B.Sc., elected associate member, 121. 

Dron, B. W., elected associate member, 2. 

Dun woody, B. B., admitted student, 121. 



Election into the Institution, requirements for, referred to in the Report of .the 

Council, 124. 
Electrical installations, high and low pressure, the new Swiss law concerning, 

347. 

power in mines and ironworks, 323. 

works at Abbazia, 339. 

Electricity, laws of, mechanical illustrations of the, 339. 

works, Manchester, 370. 

, Northwich, 372. 

Electrolysis of water-mains. Measurement of tramway currents in watiT- 

pipes, 354. 
ExamioatioDB held by the Institution, referred to in the Report of the CouQfil. 

127. 



Fan, Sirocco, the. 311. 

Farrell, R. C, Telford premium awarded to, 145. 

Fedden, 8. E., elected associate member, 2. 

Fenn, R. 11., explosive power of acetylene, 381. 

Filters.— "A'o^e; on the Working of Sand Filt^r^y' H. F. Rutter (8.). 258. 

Fireproof mateiials^i. Fire-retardant treatment of woods, 350. 

Forinan, C. de N., memoir of, 282. 

Foxjche, M., dit solved aeety\eY\e, ?ib*i. 



388 INDEX. 

Grace, L. T., admitted atadent, 1. 

Oreig, B. W. P., admitted stadent, 1. 

Griffith, P. — Corrupondenoe on ManufadMre and DtitribiUion of €hu: Limi- 
tation of capital expenditure in gas ondertakinga, 108. — Capital employed in 
small undertakings, 103. 

Grindley, J. H., thermo-dynamical properties of superheated steam and the 
dryness of saturated steam, 856. 

Grove, F., transferred member, 1. 

Gu^ult, G., JaTal's acetylene gazogene, 851. 



Hadow, F. A., elected associate member, 2. 

Hallward, W. T., admitted student, 1. 

Handy, G. E., admitted student, 1. 

Hannaford, £. P., elected member of council, 122. 

Hantzschel, new alloys of nickel and aluminium, 838. 

Harriott, G. M., G.I.B., transferred member, 1. 

Hartley, Sir 0. A., K.O.M.G., Orampton prise awarded to, 144. 

Hawkshaw, J. C, M.A., elected Vice-President, 122. 

Hawksley, 0., Vice-President— DtMUMum on Plifmouth WaUnoorki: Earlier 
plans for the water-supply of the town, 25. — Difficulties in the way of 
obtaining reliable data as to the yield of gathering-grounds, 26. — Discumum 
on Manu/aetwre and Dittribution of Ooi: Overlapping of day and evening 
consumption, 88. — ^Inclined retorts, 89. — Electrolysis, 89. — Subways for gas- 
mains, 89.— Elected President, 122. 

Hearson, T. A. — '* A Comparidon of the Flow of Water in a River voiih Ihai in a 
SmaU-SoaU Model of the River " (S.), 216. 

Heather, H. J. S., Telford premium awarded to, 145. 

Hedrick, L G., elected member, 1. 

Heibeck, ball-bearings for heavy machinery, 814. 

Heinz, B., accumulator acid, 876. 

Hemert, A. 0. C. G. van, stresses in cross girders, 800. 

Hermanuz, I., pumping station on the Bhine-Marne Canal, 308. 

Herring, W. B., elected member, 121. 

Herschkowltsch, M. See Sohott. 

Heryngfet, S., official tests of gun-steel in France and the United States, 331. 

Hetherington, B. G., M.A., elected associate member, 2. 

High-pressure steam-pipes, 817. 

Hill, A. E. B. — Correspondence on Plymouth Watenoorke : Economy and 
efficiency of the method of construction of the Burrator dam, 28. — Delivery 
of the pipe-line, 39. — Uec of etop-valves, 39. — Advantages of laying mains 
true to gradient, 39. 

, E. r. — Ducussum on Plymouth Watericorks : Batter of the water-face of 

the Burrator dam, 20. — Question as to the reason for filling the culvert after 
laying tho pipes, 20. — Inadequacy of the data usually available for the 
estimation of the yield of gathering-grounds, 20. — Conventional methods of 
arriving at such figures, 21. — Absence of records of experiments to determine 
the loss from evaporation and absorption from large and varied drainage- 
areas, 22. — Mr. Bateman's experiments, 22. — Mr. Hawksley's formula for 
proportioning the storage provided, 23. — Plea for the systematic observation 
of the flow of streams and publication of the results, 24. 



XmumIti a. B. W , LL.D^ elected member et amnuO, Id. 

Kanhaw, J. B. a, Otttk 

Klibj, B. J^ ednltted itadeBt, 1. 

ZltklMd, Jn B Se^ eleetod MKwlate membei, III. 

Urt, N. 0., ibHigtli of nU-beuM^ SOI. 

KlteUn, f. W^ elected eMoetote member, S. 

t^,a. BeeB«i|i#e. 

KUuautaMM (HMd), the ooutmetioa of Ow, in BwitMrfua, MS. 

Kleminiti, I, teetlng ugnet-Heel, 87S. 

Eobinnt, L., eafamatia eleetarle bloDk>rigii«]i tot i^w^^ SEIL 

KoUer, Dr. T., meuuM the pnrentlai of nut, end their iadoUU iBpotaM^ 

8:9. 
KHtgen, eleotikel power In mine* ud inumkt, SB. 
Krohn, B„ meMoiemmt of tmnrnj onmati In w»lai^pB%;S5<L 
wan, H. J. (1, Bleated BMOolBto member, S. 

La Trobe-BatemBQ, F. W., elected utociste member, 2. 

liKcklflUd, J, J.—Comtpondmet on Plymotilk Waiervorht ; Joiuta in the 25-inch 

main. 10. 
Laming, R., iovention of e oootiiKioiw lecnperator fnniBoe for beating gu- 

retortabj, 112. 
Lendalipa. A moaDtain in motion, 307. 
Lane, T. B. P„ admitted itndent, 121. 
LangtOD. A. B., admitted ttndent, 1. 

Lanon, A., effect of lightmng on electrical pover maim, 348. 
l^val ataam-tnibine. See Tnibine. 
Lawtoa, W., admitted atndent, 1. 
Leti, F. C, eleoted uw)Ubt« Tuesftwiil. 



tKDn. 391 

Le Chatelier, H., iron and steel from the standpoint of the phase-rnle, 369. 

Leigh, F. J. — ^ American Paaenger Loeumotivett** (S.\ 207. 

Lewis-Dale, H. A., admitted student, 1. 

Library, list of donors to the, 1900-1901, 159. 

Lightning, effect of, on electrical power mains, 348. 

Liquefaction of hydrogen. See Hydrogen. 

Lister, J. E., admitted student, 1. 

Livesey, G. — Dieeussion on Manufacture and Diitribution of Qa$: Increase of 
capital of gas-nndertakings in the past fonr years, 82. — Machinery vertus hand 
labour, 82. — Value of enrichment to the consumer, 83.— Comparison of the 
items of oost of coal-gas and carburetted water-gas in the Author's tables, 83. 
— Dihtribution under high pressures, 84. — Increase in the consumption of gas 
since 1840, 84. — Improyements in burners, 84. — Maintenance of consumers' 
mantle-burners by Ihe South Metropolitan Gas Company at a fixed charge, 85. 
— Plea for the entrance of young men into the gas-engineering branch of the 
profession, 86. 

Lloyd, H. F., admitted student, 121. 

Lloyd-Davics, D. E., elected associate member, 2. 

Locket, A., elected associate member, 2. 

Locomotive, new electric, for the Jungfrau railway, 296. 

Locomotives. — ** American Passenger Locomoiivei : " F. J. Leigh (S.), 207. 

Lord, J., elected associate member, 121. 

Lubini, E., the strengthening of bridges upon the St Gothard railway, 294. 

Lubricating oils. See Oils. 

Liirmann, F. W., further progress in the direct use of blast-furnace gas for 
power, 321. 

Lyster, A. G., elected member of council, 122. 



McDonald, J. A., elected member of council, 122. 

Maclean, J., elected associate member, 2. 

McMurdo, A. H., admitted student, 121. 

Manchester electricity works, 370. 

Mansergh, J., President. — Diteuetum on Pljfmouth Waterworka : Opening 
remarks, 20. — Question as to the relative cost of Portland -cement and- 
hydraulic-lime mortar, 27 — The Sheepstor trench, S2. —Diecuteion on Manu- 
faeture and Distribution of Ga» : Opening remarks, 68. — Future of the gas- 
industry, 89. — Remarks on introducing the ** James Forrest" lecturer 1901, 
171. — Ditto in proposing vote of thanks, 188. 

Marboutin, F., examination of spring water, 335. 

Marsh, C. F. — Discuseion on Pljfmouth Waterworks : Question as to the object 
of the bell-mouth in the culvert, 28. — Filling of the Sheepstor trench, 29. — 
Strength of concrete made '^ith crushed gpranite, 29 — Use of cone-valves 
instead of a valve-tower, 30. — Facing of the Sheepstor embankment, 31. 

Martin, E P., elected member of council, 122 

Master, B. C, elected associate member, 2. 

Materials at the Paris Exhibition, 348. 

Mathew, H. B., admitted student, 1. 

Matthews, W., C.M.G., elected member of council, 12^. 

Medals awarded. Session 1899-1900, 144. 



^92 ud>^ 

Meyer, Y., calcalations for spiral bnffen, 297. 

Miohelin, robber tires, 380. 

Middleton, B. E. — CorrupondenM on Plymouth Waieneorkt: Dedoiency of 

available information on the subject of tbo capacity of drainage-areas for 

water-supply, 40. 
Biiller prizes, award of, 145. 
Mills, F., elected member, 121. 
Mine-surveying problem, a, 822. 
Mines and ironworks, electrical power in, 823. 

, explosion of, by wireless telegraphy, 875. 

Mitchell, L., elected associate member, 2. 

Molesworth, Sir G. L., K.G.I.B., elected Vice-President, 122. 

MoUer, M., mechanical illustrations of the laws of electricity, 339. 

Morrison, O. J.—"* On §ome AppUoatumg of TranntionrOune$** (8.), 202. 

Morton, A. H., Miller prize awarded to, 146. 

Mountain in motion, a, 307. 

Nickel alloys, 334. 

and aluminium, new alloys of, 333. 

Niven, E. G., admitted student, 1. 
Northwich electricity works, 372. 

O'Brien, H. E., Miller prize awarded to, 145. 

O'Connell, J. G., B.E., elected associate member, 121. 

Oil-engine trials at the Royal Agricultural Society's show at Gardiff, 311. 

Oils, lubricating, the friction of, at high temperatures, 318. 

Oordt, H. van, actual stresses in bridges, 299. 

Open-hearth and converter process, combined, a, 325. 

Original Gommunications (Papers), subjects for. Session 1901-1902, 147. — Ditto 

received, 1900-1901. 155. 
Oudin double-pole resonator, 346. 
Outhenin-Ghalandre electrolytic alkali-process, 378. 
Owen, F., memoir of, 286. 



Papers, subjects for, 147.— Ditto received, 1900-1901, 155. 

Partridge, G. W., transferred member, 121. 

Paxton, C. H., admitted student, 1. 

Pearson, G. H., elected associate member, 121. 

, H. L., elected associate member, 2. 

'*Peat Fuel in Scamihiavia,** A. Bache (S.), 229. 

Permanent way, tramway. See Tramways. 

Pescke, O., a case of poisoning by carbonic oxide gas, 351. 

Phosphorus, electrolytic, 376. 

Photophone, a new, 377. 

Pickles, F. A., admitted student, 1. 

Pollok, J., admitted student, 121. 

Postal traffic, use of tramway lines for, 305. 

Pourcel, A., definitions of steel and iron, 32G. 

Power, direct use of blast-furnace gas for, further progress in the, 321. 



INDEX. 393 

Power, electrical, in minea and ironworks, 823. 

Pr&Bil, F., special report on turbines and regulators at the Paris Ezhibitionf 310. 

Preece, Sir W. H. — Remarks in seconding a vote of thanks to the "James 

Forrest" lecturer, 190. 
Premiums awarded. Session 1899-1900, 144. 
Prescott, W. H., elected associate member, 2. 
Pumping-station on the Bhine-Mame canal, 308. 
Porves, J. A., new gas-producer, 864. 

Quartz, vitrified, 880. 

Bail-bearers, strength of, 301. 

Bailway, Jungfrau, new electric locomotive for the, 296. 

, Orleans, underpinning on the extension of the, to the Quai D'Orsay, 

293. 

, St Gothard, the strengthening of bridges upon the, 294. 

, Trans-Siberian, the, 291. 



Bamisch, continuous beams, 302. 

Beport of the Ck>uncil, Session 1900-1901, 124. ' 

Besonator, Ondin double-pole, 846. 

Beumaux, E., the use of coke-oven gas in gas-engines, 820. 

Beverchon, L., a mountain in motion, 807. 

Bichards, B. D., admitted student, 1. 

Bigby, H. P. B., transferred member, 121. 

Bivers, flow of. ** A Comparison of the Flow of Water in a River with that in a 

SmaUrSoale Model of the Biver," (S.X 216. 
Bochefort, O., Oudin double-pole resonator, 846. — Wireless telegraphy, 340 
Bogers, A. £. — ** The Location and Construction of Railway Tunnels, with 

Particulars of some recent Work," (6.), 191. 
Boll of the Institution, 127. 
Bontgen rays, duration of emission of, 374. 

, transparency of, 874. 

Bosenhain, W., Telford premium awarded to, 145. 

Bosenthal, F. M. B., admitted student, 121. 

Boss, D. W., elected associate member, 121. 

Bossi, A. J.> the influence of titanium on the properties of cast-iron and steel, 

380. 
Budelofl^ M., efliect of bending and straightening cast iron, 330. — Materials at 

the Paris Exhibition, 848. 
Buhmer, E., a new photophone, 377. 
Bussell, C. X., Telford premium awarded to, 144. 

, T. W., elected associate member, 2. 

Bust, means for the prevention of, and their industrial importance, 319. 
Butter, H. F.— *» NoU on the Working of Sand Filters,** (S.), 258. 



Sandberg, N. P. P., admitted student, 1. 

Sandeman, E.— " The Burrator Works for the WaUr-Supply of Plymouth,*' 2.— 
Discussion on ditto : Cost of the Burrator dam per cubic yard, 20. — Trouble on 
filling the reservoir, 20.— Filling up of the culvert, 88.— Surging of the water 



. , in lallwa; bridge*, 298. 

. brittleneea in, the oausea which iuduoe, S27. 

caBt-irou&Dd, tbeiDaDenoeoftittuilainoii tbepiopertiMof.SSO. 

gan-, official teals of, in Fnnce and the United State*, SSI. 

— -. iron and, from the Btandpoiat of the phue-rale, 969. 

■, magnet-, tcflting, 37fi, 

making. A combined open-heatth and oonvertot proosH. 325. 

Steioberg, H. E., admitted student, I. 
Btewatt, 0. E., memoir of, 288. 

— , T., elected member of oouikoil, 122. 

t^Craiii, J., elected membei ot «>\uib.\\, \11. 



INDEX. 395 

Strenj^hening of bridges, the, upon the St. Gothard Railway, 294. 
Symmera, D. MoT., M.A., elected aaaooiate member, 2. 
Students, admiamon of, 129. — Meetings, 182. 

Tatton, B. A., Telford premium awarded to, 144. 
Telegraphy, wireless, 340. 

• . , explosion of mines by, 375. 

Telford medals and premiums, award of, 144, 145. 

Thomas, T. G. H., elected associate member, 2. 

Thomson, G., M.A., elected associate member, 2. 

Thome, P. H., admitted student, 1. 

Thomycroft, J. I., elected member of council, 122. 

Tickell, B. E., transferred member, 1. 

Tires, rubber, 380. 

Titanium, influence of, on the properties of cast-iron and steel, 330. 

Tramway lines, use of, for postal traffic, 305. 

Tramways, Strasburg, permanent way of the, 304. 

Transition-curyes. '* On 8ome Applioation$ of Tramition-Curvei" G. J. Morrison 

(S.), 202. 
Trans-Siberian Railway, the, 291. 
Trayers, M. W., liquefaction of hydrogen, 379. 
Tredcroft, A. F., admitted student, 1. 
Tubes, manufacture of, 316. 
Tunnel, Ampthill, 195. 

, Blaokwall, 201 . 

, Oatesby, 195 et seq. 

, Great Northern and City Bailway, 200. 

. Kilsby, 192. 

, Mersey, 198. 

, Park Avenue, New York City, a proposed ventilating system for the, 



295. 

, Simplon. 198. 



Tunnelling. ** The Loaation and Conttruetion of Bailtoay Tunneff, with Partiow' 

Ian of tome recent Work" A. E. Rogers (S.), 191. 
Turbine construction in Switzerland, statistics of, 313. 

, steam-, Laval, 300-HP., experiments with a, 312. 

Turbines and regulators at the Paris Exhibition, special report upon, 310. 

Underpinning on the extension of the Orleans Railway to the Qua! D'Orsuy, 293. 
Uninflammable timber. Fire retardant treatment of woods, 350. 
Unwin, W. C, B.Sc, elected member of council, 122. 
Upcott, F. B., G.S.I., elected member of council, 122. 

Yamek, A., distribution of ice and conditions of navigation on the sea route to 

Siberia, 334. 
Ventilating system, a proposed, for the Park Avenue Tunnel, New York City, 

295. 
Yemon-Harcourt, L. F., George Stephensou Medal and Telford Premium 

awarded to, 145. 
Vogelsang, 31., brake electro-magnets for electnc oi«nft^^'<&. 



39() INDEZ. 

WachDiuuth, R., frequency of alternating currents, 373. 

Wales, W. A., admitted stadcnt, 1. 

Walker, G. B., Telford premium awarded to, 145. 

-, H. E. D., elected associate member, 2. 

Water, spring, examination of, 335. 

- -pipes, measurement of tramway currents in, 854. 

— - -supply of the industrial districts of Upper Silesia, 337. 

on the Yilgam Railway, We$Um Australia," W. II. Shields (R), 242. 

Waterworks, Plymouth. " The Burrator Worki for the Water-Supply of Plf- 
mouth" £. Sandeman, 2. — History, 2. — General description, 4. — Buntor 
dam, 4. — Sheepstor embankment, 14. — Pipe-line, 17.— Compensation, 19. — 
Cost, 19.— Discussion: J. Mansergh, President, 20. 27, 32; E. Sandeman, 20, 
38 ; E. P. Hill, 20, 28 ; G. Hawksley, 25 ; G. F. Deacon, 26, 28 ; G. F. Manh, 
28; J. Hopkinson. 81. — Correspondeneo : J. £. Cornish, 84 ; Dr. B. Dawkm 
35; F. J. Dick, 36; C. A. Friend, 88; A. E. B. Hill, 88; J. J. Tjwklmiid, 
40 ; B. £. Middleton, 40; B. Schroder, 41 ; E. Sandeman, 41. 

Watney, G. N., B.A., elected associate member, 2. 

Watson, T. A., elected associate member, 2. 

Watt medal, award of, 144. 

Watt, J., admitted student, 1. 

Watts, P., elected member, 121. 

Webb, F. W., elected Vice-President, 122. 

Wedding, Dr. H., nickel alloys, 834. 

Weir, A. H., elected associate member, 2. 

Weirs, skeleton, improvements in, 307. 

Wesley, M. E., memoir of, 289. 

White, Sir W. H., K.C.B., elected Vice-President, 122. 

Whitley, B., B.A., odiuitted student. 121. 

Widdicombe, £. P., B.A., admitted student, 1. 

Williams, C. S., memoir of, 290. 

, Sir £. L., elected member of council, 122. 

Willis, £., elected associate member, 2. 

Willows, B. S., absorption of gas in a Crookes* tube, H77. 

Wilson, J. L., admitted student, 1. 

Wimperis, H. K, Miller prize awarded to, 145. 

Wood, W. W., admitted student, 1. 

Woodall, G. — Discussion on Manufacture and Distribution of Qas : The policy of 
enrichment, 86. — Field for future doyelopment of the gas-industry, 86. — 
Limitation of capital expenditure, 87. — Advantages of the sliding scale, 87. — 
luclined rctortti, 8S. — Roceut improveuiunts in gas-manufacture, 88. 

Woods, lire-retardaiit treatment of, 350. 

Woore, J. M. S. — ^^ Note on the Deflection of a Beam vcith Overhanging Ends" 
(S.), 22:i. 

Wright, It. E., elected associate member, 121. 

Wyuter, G. M., memoir of, 289. 

Zumbra, J. B., admitted student, 1. 










T(LCt N 



I I, 



■I  



:'■■■; ^T^yiK 



1 ' 



• > 









i. . > i 






